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[Claims] 



[Claim 1] 

Propylene polymers characterized by the fact that their melt 
flow rate (MFR) at 230°C under a 2.16 kg load is in the range of 
0.1 to 500 g/10 minutes, 

the value of the [M 5 ] isostatic index of the component insoluble 
in boiling heptane is in the range of 0.970 to 0.995, said value 
being determined by the following equation (1) using the 
absorption intensities of Pmmmm and PW found in 13 C-NMR spectrum, 
the value of the [M 3 ] isotactic index of the component insoluble 
in boiling heptane is in the range of 0.0020 to 0.0050, said 
value being determined by the following equation (2) using the 
absorption intensities of Pmmrm, Pmrmr, Pmrrr, Prmrr, Prmmr, 
Prrrr, and Pw found in 13 C-NMR spectrum, and 

the component insoluble in boiling heptane has a crystallinity of 
60 % or higher: 

[Equation 1] 

[M 5 ] = [Pmmmm] / [Pw] .-•(!) 



[Pmmmm] is the absorption intensity derived from the methyl 
groups on the third propylene unit in f ive-propylene-unit 
sequences wherein five propylene units are isotactically bonded 
in series, and 

[Pw] is the absorption intensity derived from the methyl groups 
of propylene units) 

[Equation 2] 

[M 3 ] = ( [Pmmrm] + [Pmrmr] + [Pmrrr] + [Prmrr] + [Prmmr] + [Prrrr] ) / [Pw] J3_ 



(wherein, 

[Pmmrm] is the absorption intensity derived from the methyl ^ 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by J J J ^ -j where a 
propylene unit is represented by J , 



*Number in the margin indicates pagination in the foreign 

text . 



(wherein 



. . . (2) 
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[Pmrmr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by - 1 - 1 n n J where a propylene 
unit is represented by J , 

[Pmrrr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by - 1 J -| J n where a propylene 
unit is represented by J , 

[Prmrr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by n - 1 -I n J where a propylene 
unit is represented by J , 

[Prmmr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by -| JJJ i where a propylene 
unit is represented by J , 

[Prrrr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by J -i J -i- 1 where a propylene 
unit is represented by - 1 , and 



[Pw] 



is the absorption intensity derived from the methyl 
groups 



of the propylene units) . 
[Claim 2] 

Propylene polymers stated in Claim 1 that contain a polymer 
comprised of a structural unit derived from a compound given by 
the following formula (i) or (ii) in a quantity that ranges from 
10 to 10000 ppm: 



[Chem. 1] H 2 C = CH-X 



(i) 



H 2 C = CH 



CH 2 - X 



(ii) 



R 1 

I 

-M- 



(wherein X is a cycloalkyl group, aryl group, or r> . , 

in which M is a carbon or silicon atom; R 1 and R 2 are hydrocarbon 
groups; and R 3 is a hydrogen atom or hydrocarbon group) . 

[Detailed Explanation of the Invention] 

[0001] [Field of Industrial Application] 



The present invention pertains to propylene polymers. More 
specifically, it pertains to propylene polymers that have 
components insoluble in boiling heptane with high crystallinity , 



that are highly isotactic, and that have extremely long meso 
chains (propylene unit chains in which the a-methyl carbon atoms 
face the same direction) . 



[0002] [Background of the Invention] 



It is a well-known fact that polyolefins, such as 
crystalline polypropylenes, can be obtained by polymerizing 
olefins using what is called the Ziegler-Natta catalyst, which is 
comprised of a compound containing a transition metal of Group IV 
to VI of the periodic table and an organometallic compound 
containing a metal of Group I to III. Researches are being 
conducted to find a method for obtaining highly isotactic 
crystalline polyolefins at a high rate of polymerization 
activity, using this type of catalyst. 



[0003] 



It is disclosed in, for example, Japanese Patent Published 
Unexamined Application No. 61-209207, Japanese Patent Published 
Unexamined Application No. 62-104810, Japanese Patent Published. 
Unexamined Application No . 62-104811 , Japanese Patent Published 
Unexamined Application No. 62-104812, Japanese Patent Published 
Unexamined Application No. 62-104813, Japanese Patent Published 
Unexamined Application No. 1-311106, Japanese Patent Published 
Unexamined Application No. 1-318011, Japanese Patent Published 
Unexamined Application No. 2-166104, etc., that highly isotactic 
crystalline polyolefins can be obtained at a high rate of 
polymerization activity if olefins are polymerized using a 
catalyst formed from a titanium-containing solid catalyst 
component that contains titanium, magnesium, halogen, and 
electron donor, from an organoaluminium compound, and from an 
electron donor. 



[0004] 



The present applicant has already presented a large number 
of proposals regarding olefin polymerization catalysts and olefin 
polymerization methods that make it possible to obtain highly 
isotactic crystalline polyolefins at a high rate of 
polymerization activity (for example, in Japanese Patent 
Published Unexamined Application No. 50-108385, Japanese Patent 



Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 
Published Unexamined Application No, 



50- 126590, Japanese Patent 

51- 20297, Japanese Patent 
51-28189, Japanese Patent 
51-64586, Japanese Patent 
51-92885, Japanese Patent 

51- 136625, Japanese Patent 

52- 87489, Japanese Patent 
52-100596, Japanese Patent 
52-147688, Japanese Patent 
52-104593, Japanese Patent 



Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 
Published Unexamined Application No. 



53-2580, Japanese Patent 
53-40093, Japanese Patent 
53-40094, Japanese Patent 
53-43094, Japanese Patent 
55-135102, Japanese Patent 
55-135103, Japanese Patent 

55- 152710, Japanese Patent 

56- 811, Japanese Patent 
56-11908, Japanese Patent 
56-18606, Japanese Patent 
58-83006, Japanese Patent 
58-138705, Japanese Patent 
58-138706, Japanese Patent 
58-138707, Japanese Patent 
58-138708, Japanese Patent 
58-138709, Japanese Patent 
58-138710, Japanese Patent 
58-138715, Japanese Patent 
58-138720, Japanese Patent 
58-138721, Japanese Patent 

58- 215408, Japanese Patent 

59- 47210, Japanese Patent 

Patent 
Patent 
Patent 
Patent 
Patent 
Patent 

Patent 
Patent 
Patent 
Patent 
Patent 
Patent 
Patent 



59-117508, 
59-117509, 
59-207904, 
59-206410, 
59-206408, 
59-206407, 
61-69815, 
61-69821, 
61-69822, 
61-69823, 
63-22806, 
63-95208, 
63-199702, 
63-199703 
63-202603, 
63-202604, 
63-223008, 
63-223009, 

63- 264609, 

64- 87610, 



Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
Japanese 
, Japanese Patent 
Japanese Patent 
Japanese Patent 
Japanese Patent 
Japanese Patent 
Japanese Patent 
Japanese Patent 



64-156305, Japanese Patent 
2-77407, Japanese Patent 
2-84404, Japanese Patent 
2-229807, Japanese Patent 
2-229806, Japanese Patent 
2-229805, etc.). Because 



Published Unexamined Application No. 
crystalline polypropylenes have high rigidity and usually have 
high heat distortion temperature, melting point, and 
crystallizing temperature, they exhibit excellent heat 
resistance, a high rate of crystallization, high transparency, 
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and the like excellent qualities. For these reasons, they are 
preferably used for various applications, such as containers, 
films, etc. Because polypropylenes obtain higher rigidity and 
heat resistance when their crystallinity is increased, 
polypropylenes with higher crystallinity can be used for 
applications that require higher rigidity and heat resistance. 
When they are used for conventional applications, they make it 
possible to reduce the thickness of the resulting products or to 
reduce the quantity of fillers, such as talc, etc., thus 
realizing weight reduction. 

[0005] 

Heretofore, a method that incorporates nucleating agents has 
been used to increase the crystallinity of crystalline 
polypropylenes. However, prior-art crystalline polypropylenes 
have an isotactic pentad value of 90 to 95 % or thereabouts 
according to NMR measurement; therefore, their rigidity, heat 
resistance, etc., can be improved only to a certain extent. 
Therefore, there have been demands for crystalline polypropylenes 
that have an extremely high isostatic pentad value, that is to 
say, crystalline polypropylenes with extremely high stereo 
regularity. 

[0006] 

Furthermore, because films formed from prior-art 
crystalline polypropylenes do not necessarily have satisfactory J5_ 
moisture resistance, there are demands for crystalline 
polypropylenes that have excellent moisture resistance as well as 
excellent rigidity, heat resistance, and so forth. 

[0007] [Objective of the Invention] 

The present invention intends to provide propylene polymers 
that have excellent rigidity and heat resistance as well as 
excellent moisture resistance. 

[0008] [Summary of the Invention] 

The propylene polymers of the present invention are 
characterized by the fact that their melt flow rate (MFR) at 
230°C under a 2.16 kg load is in the range of 0.1 to 500 g/10 
minutes, the value of the [M 5 ] isostatic index of the component 
insoluble in boiling heptane is in the range of 0.970 to 0.995, 
said value being determined by the following equation (1) using 
the absorption intensities of Pmmmm and PW found in 13 C-NMR 
spectrum, the value of the [M 3 ] isotactic index of the component 
insoluble in boiling heptane is in the range of 0.0020 to 0.0050, 
said value being determined by the following equation (2) using 
the absorption intensities of Pmmrm, Pmrmr, Pmrrr, Prmrr, Prmmr, 
Prrrr, and Pw found in 13 C-NMR spectrum, and 
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the component insoluble in boiling heptane has a crystallinity of 
60 % or higher. 

[0009] 

[Equation 3] 

[M 5 ] = [Pmmmm] / [Pw] . . . (1) 

(wherein 

[Pmmmm] is the absorption intensity derived from the methyl 
groups on the third propylene unit in f ive-propylene-unit 
sequences wherein five propylene units are isotactically bonded 
in series, and 

[Pw] is the absorption intensity derived from the methyl groups 
of propylene units) . 

[0011] [Equation 4] 

[M 3 ] = ( [Pmmrm] + [Pmrmr] + [Pmrrr] + [Prmrr] + [Prmmr] + [Prrrr] ) / [Pw] 

... (2) 



16 



(wherein, 
[Pmmrm] 



[ Pmrmr ] 



[Pmrrr] 



[ Prmrr ] 



[ Prmmr ] 



is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by - 1 J - 1 n n where a propylene 
unit is represented by J , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by J J J where a propylene 
unit is represented by J , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by - 1 - 1 -, - 1 n where a propylene . 
unit is represented by - 1 , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by n J J -j J where a propylene 
unit is represented by J , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by -] JJJ n where a propylene 
unit is represented by J , 
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[Prrrr] is the absorption intensity derived from the methyl 

groups on .the third unit in f ive-propylene-unit chains 
that have a structure given by J n J -|- 1 where a propylene 
unit is represented by J , and 

[Pw] is the absorption intensity derived from the methyl 

groups 

of the propylene units) . 
[0012] 

Preferably, propylene polymers pertaining to the present 
invention contain a polymer comprised of a structural unit 
derived from a compound given by the following formula (i) or 
(ii) in a quantity that ranges from 10 to 10000 ppm: 

[0013] [Chem. 2] 

H 2 C = CH-X ... (i) H 2 C = CH - CH 2 - X . . . (ii) 

R 1 

I 2 

(wherein X is a cycloalkyl group, aryl group, or -M-R , 

R 2 

in which M is a carbon or silicon atom; R 1 and R 2 are hydrocarbon 
groups; and R 3 is a hydrogen atom or hydrocarbon group) . 

[0014] [Detailed Explanation of the Invention] : 

The following explains the propylene polymers pertaining to 
the present invention in detail. In the present invention, the 
meaning of the term "polymerization" is not limited to 
"homopolymerization" but may include "copolymerization" . 
Likewise, the meaning of the term "polymer" is not limited to 
"homopolymer" but may include "copolymer" . 

[0015] 

The propylene polymers of the present invention are 
homopolymers of propylene. It is preferable for these propylene 
polymers to have their melt flow rate (MFR) at 230°C under a load 
of 2.16 kg in the range of 0.1 to 500 g/10 minutes, better yet, 
in the range of 0.2 to 300 g/10 minutes. 

[0016] 

Melt flow rates (MFR) are measured according to ASTM D123 8- 
65T under the conditions of 230°C and a load of 2.16 kg. A 
propylene polymer of the present invention has a component 
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insoluble in boiling heptane whose [M 5 ] isotactic index is in the 
range of 0.970 to 0,995, preferably, 0.980 to 0.995, better yet, 
in the range of 0.982 to 0.995, said index being determined by 
the following equation (1) using the absorption intensities of 
Pmmmm and PW found in 13 C-NMR spectrum. 

[0017] [Equation 5] 

[M 5 ] = [Pmmmm] / [Pw] . . . (1) 

[0018] (In the equation, 

[Pmmmm] is the absorption intensity derived from the methyl 
groups on the third propylene unit in f ive-propylene-unit 
sequences wherein five propylene units are isotactically bonded 
in series, and 

[Pw] is the absorption intensity derived from the methyl groups 
of propylene units.) 

The following explains in detail the [M 5 ] isotactic index used 
for evaluating the stereo regularity of the boiling-heptane- 
insoluble component of a propylene polymer of the present 
invention. 

[0019] 

A propylene homopolymer can be represented, for example, by 
the following formula (A) . 

[0020] [Chem. 3] 

Me 1 Me 2 Me 3 Me 4 Me 5 Me 6 

I I I I I I 

... _( C _ C )_( C _ C )_(c_ C )_(c_ C )_(c-C)-(C-C)-(C-C)- ••■ ...(A) 

I 7 
Me 7 

When a f ive-propylene-unit chain is represented by -Jm-'m-'m- 1 m-J , 

Me 

symbolizing a propylene unit -(C-C)- by J , JJ by m (meso) , and -^^ 
by r (racemo) , and 

[0021] 

when Pmmmm is supposed to be the absorption intensity in 
13 C-NMR spectrum derived from the methyl groups (for example, Me 3 , 
Me 4 ) on the third unit of the f ive-propylene-unit chain 
represented as shown in the foregoing and Pw is supposed to be 
the absorption intensity derived from all the methyl groups (for 
example, Me 1 , Me 2 , Me 3 , ...) of propylene units, the stereo 
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regularity of the polymer represented by the aforesaid formula 
(A) can be determined based upon the ratio of Pmmmm to Pw, that 
is to say, based upon the value [M 5 ] found by the aforesaid 
equation (1) . 



[0022] 



Therefore, the stereo regularity of the component 
insoluble in boiling heptane of the propylene polymers of the 
present invention can be determined by the value of isotactic 
index [M 5 ] given by the aforesaid equation (1) , using the Pmmmm 
and Pw absorption intensities found in the 13 C-NMR spectrum of 
said insoluble component. 

[0023] 



The propylene polymers of the present invention have the 
value of the [M 5 ] isotactic index of their insoluble-in- boiling- 
heptane component given by the aforesaid equation (1) in the 
range of 0.970 to 0.995 and also have the value of the [M 3 ] 
isotactic index of the component insoluble in boiling heptane 
given by the following equation (2), using the Pmmrm, Pmrmr, \ 
Pmrrr, Prmrr, Prmmr, Prrrr, and.Pw absorption intensities found 
in the 13 C-NMR spectrum of the component insoluble in boiling 
heptane in the range of 0.0020 to 0.0050, preferably, in the 
range of 0.0023 to 0.0045, better yet, in the range of 0.0025 to 
0.0040. 



[0024] [Equation 6] 

[M 3 ] = ( [Pmmrm] + [Pmrmr] + [Pmrrr] + [Prmrr] + [Prmmr] + [Prrrr] ) / 



[Pw] 

(wherein, 
[Pmmrm] 



[ Pmrmr ] 



[Pmrrr] 



. . (2) 



is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by JJJ - 1 -| where a propylene 
unit is represented by J , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by JJ n i J where a propylene 
unit is represented by , 

is the absorption intensity derived from the methyl 
groups on the third unit in f ive-propylene-unit chains 
that have a structure given by JJ -| J -i where a propylene 
unit is represented by J , 
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[Prmrr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by -i" , " , n J where a propylene 
unit is represented by - 1 , 

[Prmmr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by i- ,JJ -| where a propylene 
unit is represented by -I , 

[Prrrr] is the absorption intensity derived from the methyl 

groups on the third unit in f ive-propylene-unit chains 
that have a structure given by where a propylene 

unit is represented by - 1 , and 



[Pw] 



is the absorption intensity derived from the methyl 
groups 



of the propylene units) . 
[0025] 

[Pmmrm] , [Pmrmr] , [Pmrrr] , [Prmrr] , [Prmmr] , and [Prrrr] in 
the aforesaid equation (2) indicate the absorption intensities 
derived from the third methyl group in f ive-propylene-unit chains 
that have structures in which three methyl groups among the 
methyl groups of five consecutive propylene units in a propylene- 
unit chain face the same direction while the other two face the 
opposite direction (said structures sometimes being referred to as 
the "M 3 structures" in the following) . That is, the value of the 
[M 3 ] isotactic index found by the aforesaid equation (2) 
indicates the ratio of the M 3 structures in a chain of propylene 
units . 



[0026] 



The value of the [M 5 ] isotactic index of the insoluble-in- 
boiling-heptane component of the propylene polymers of the 
present invention that is found by the aforesaid equation (1) is 
in the range of 0.970 to 0.995, and the value of the [M 3 ] 
isotactic index of the insoluble-in-boiling-heptane component 
that is found by the aforesaid equation (2) is in the range of 
0.0020 to 0.0050. These indicate that the polymers have 
extremely long meso chains (propylene unit chains in which a- 
methyl carbon atoms face one and the same direction) . 



[0027] 



Generally speaking, polypropylenes with smaller [M 3 ] 
isotactic indexes have longer meso chains. However, when a 
polypropylene has an extremely large [M 5 ] isotactic index and 
also an extremely small [M 3 ] isotactic index, a polypropylene 



with a larger [M 3 ] isotactic index has longer meso chains in some 
cases if its [M 5 ] isotactic index is approximately the same. 

[0028] 

For example, when a polypropylene that has structure (A) and 
a polypropylene that has structure (B) shown in the following are 
compared, the polypropylene represented by structure (A) , which 
has M 3 structures, has a longer meso chain compared with the 
polypropylene represented by structure (B) , which does not have 
M 3 structures. (It is assumed here that the following structure 
(A) and structure (B) both consist of 1003 propylene units.) 

[0029] [Chem.4] 

Structure (A) 

_l .... _J _l _l n _! ^ _l _l 

m — m rmrr rrmr m • • • • m 



Structure (B) 



m 



— m m m 1 m — m ' m — m 



Key: a) meso chain; b) M 3 structure. 
[0030] 

The value of the [M 5 ] isotactic index of the polypropylene 
represented by the aforesaid structure (A) is 0.986, while the 
value of the [M 5 ] isotactic index of the polypropylene 
represented by the aforesaid structure (B) is 0.985; thus, the 
values of the [M 5 ] isotactic index of the polypropylene 
represented by structure (A) and the polypropylene represented by 
structure (B) are approximately the same. However, the 
polypropylene represented by structure (A) , which has M 3 
structures, has 497 propylene units on average that are included 
in the meso chains, while the polypropylene represented by 
structure (B) , which does not have M 3 structures, has 250 
propylene units on average that are included in the meso chains. 
In other words, because polypropylenes with an extremely large 
[M 5 ] isotactic index value have an extremely small ratio of the 
structures indicated by r (racemo) in a propylene unit chain, 
polypropylenes in which the structures indicated by r (racemo) 
are present in a concentrated manner (polypropylenes that have M 3 
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structures) have longer meso chains than polypropylenes in which 
the structures indicated by r (racemo) are present in a dispersed 
manner (polypropylenes that do not have M 3 structure) . 

[0031] 

The propylene polymers of the present invention are highly 
crystalline polypropylenes that have M 3 structures, such as those 
shown in the aforesaid structure (A) and have an insoluble-in- 
boiling-heptane component whose [M 5 ] isotactic index value is in 
the range of 0.970 to 0.995 and whose [M 3 ] isotactic index value 
is in the range of 0.0020 to 0.0050. For some unknown reasons, 
the propylene polymers of the present invention having these 
properties have higher rigidity, heat resistance, and moisture 
resistance compared with the prior-art highly crystalline 
polypropylenes . 

[0032] 

If the value of the [M 3 ] isotactic index of the component 
insoluble in boiling heptane deviates from the range of 0.0020 to 
0.0050, the aforesaid characteristics decrease in some cases. In 
the present invention, the component insoluble in boiling heptane 
of the propylene polymers is formulated as follows. In a 1-liter 
flask equipped with a stirrer are placed 3 g of a polymer sample, 
20 mg of 2 , 6-di-tert-butyl-4-methyl phenol, and 500 ml of n- 
decane, and the mixture is heated in an oil bath at 145°C to 
dissolve the polymer sample. After the polymer sample is 
dissolved, the resulting solution is cooled to room temperature 
over a period of approximately 8 hours, after which it is kept 
for 8 hours in a water bath of 23 °C so as to precipitate a 
polymer. The resulting n-decane suspension that contains the 
precipitated polymer (23 °C decane insoluble component) is 
separated by filtration through a G-4 (or G-2) glass filter and 
dried under reduced pressure. Thereafter, 1.5 g of the polymer 
thus dried is extracted with heptane by a Soxhlet extractor over 
a period of 6 hours or longer. Thus, a component insoluble in 
boiling heptane is obtained as the extraction residue. The 
amount of the boiling-heptane-insoluble component of the 
propylene polymers pertaining to the present invention is usually 
80 % or more by weight, preferably 90 % or more by weight, better 
yet, 94 % or more by weight, but the ideal range is 95 % or more 
by weight, better yet, 96 % by weight. The aforesaid content of /10 
the component insoluble in boiling heptane is calculated with the 
assumption that the component soluble in 23° decane is also 
soluble in boiling heptane. 

[0033] 

The following gives an example method for taking an NMR 
measurement from the boiling-heptane-insoluble component of a 
propylene polymer in the present invention. 0.35 g of said 

13 
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insoluble component is heated and dissolved in 2.0 ml of 
hexachlorobutadiene. After this solution is filtered with a 
glass filter (G2), 0.5 ml of deuterated benzene is added to it, 
and it is then placed in an NMR tube having an inner diameter of 
10 mm. Using an NMR measuring instrument, Model GX-500, a 
product of Nippon Electronic Co., 13 C-NMR measurements are taken 
at 120°C. The number of integrations is set to 10,000 times or 
more. The values of [M 5 ] and [M 3 ] isotactic indexes are 
calculated from the peak intensity of each structure or the sum 
of the peak intensities obtained by the aforesaid measurements. 

[0034] 

The crystallinity of the boiling-heptane-insoluble component 
of the propylene polymers of the present invention is 60 % or 
higher, preferably 65 % or higher, better yet, 70 % or higher. 

[0035] 

Crystallinity is measured as follows. A sample is formed 
into a square plate having a thickness of 1 mm with a pressure- 
molding machine set to 180 °C, and the plate is cooled with water 
immediately, thereby obtaining a pressed sheet. This pressed 
sheet is measured for crystallinity with a Rotor Flex RU 300 
measuring instrument (output=50 kV, 250 mA) , a product of Rigaku 
Denki Co. A transmission method is employed as the measurement 
method here, and the measurement is taken while the sample is 
rotated. 

[0036] 

It is desirable that the propylene polymers of the present 
invention contain a polymer comprised of a structural unit 
derived from the following formula (i) or (ii) in a quantity that 
ranges from 10 to 10000 ppm, preferably 100 to 5000 ppm. 

[0037] [Chem. 5] 

H 2 C = CH-X ... (i) H 2 C = CH-CH 2 -X . . . (ii) 

R 1 

I 2 

(wherein X is a cycloalkyl group, aryl group, or -M-R , 

R 3 

in which M is a carbon or silicon atom; R 1 and R 2 are hydrocarbon 
groups; and R 3 is a hydrogen atom or hydrocarbon group) . 

[0038] 

The cycloalkyl group represented by X in the aforesaid 
formula (i) includes a cyclopentyl group, cyclohexyl group, 
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cycloheptyl group, etc. The aryl group includes a phenyl group, 
tolyl group, xylyl group, naphthyl group, etc. 

[0039] 

The hydrocarbon groups represented by R 1 , R 2 , and R 3 in the 
aforesaid formula (i) or (ii) include alkyl groups, such as 
methyl groups, ethyl groups, propyl groups, butyl group, etc., 
aryl groups, such as phenyl groups, naphthyl groups, etc.; 
norbornyl groups, etc. Furthermore, the hydrocarbon groups 
represented by R 1 , R 2 , and R 3 may contain silicon atoms or halogen 
atoms . 

[0040] 

Some concrete examples of the compounds represented by the 
aforesaid formula (i) or (ii) include 3-methyl-l-butene, 3- 
methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-l-pentene, 4- 
methyl-l-hexene, 4, 4 -dimethyl -1-hexene, 4, 4-dimethyl-pentene, 4- 
ethyl-l-hexene, 3-ethyl-l-hexene, allyl naphthalene, allyl 
norbornane, styrene, dimethyl styrenes, vinyl naphthalates , allyl 
toluenes, allyl benzene, vinyl cyclohexane, vinyl cyclopentane, 
vinyl cycloheptane, allyl trialkylsilanes , etc. Among these, it 
is preferable for the propylene polymers to contain 3-methyl-l- 
butene, 3 -methyl- 1-pentene, 3-ethyl-l-hexene, vinyl cyclohexane, 
allyl trimethyl silane, dimethyl styrene, etc., of which 3- 
methyl-l-butene, vinyl cyclohexane, and allyl tirmethyl silane 
are more desirable, but it is best to contain 3-methyl-l-butene. 

[0041] 

The propylene polymers pertaining to the present invention 
may contain a small amount of olefins having 2 0 or fewer carbon 
atoms that are not propylene or may contain a small amount of 
structural units derived from diene compounds having 4 to 2 0 
carbon atoms . 

[0042] 

Even if the propylene polymers contain a small amount of 
monomer components other than propylene in this manner, this does 
not substantially affect the value of the aforesaid [M 5 ] 
isotactic index and the value of the aforesaid [M 3 ] isotactic 
index . 

[0043] 

It is preferable for the propylene polymers of the present 
invention to have a density in the range of 0.900 to 0.93 6 g/cm 3 , 
better yet, in the range of 0.910 to 0.93 6 g/cm 3 . Furthermore, 
the propylene polymers of the present invention have components 
soluble in 23°C decane in an amount of 3 . 0 % or less, preferably 
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2.5 % or less, better yet, 2.0 % or less, but the most desirable 
amount is 1.5 % or less. 

[0044] 

The 23°C-decane-soluble component of a propylene polymer is /ll 
measured as follows. In a 1-liter flask equipped with a stirrer 
are placed 3 g of a polymer sample, 20 mg of 2,6-di tert-butyl-4- 
methyl phenol, and 500 ml of n-decane, and the mixture is heated 
in an oil bath at 145°C to dissolve the polymer sample. After 
the polymer sample is dissolved, the resulting solution is cooled 
to room temperature over a period of approximately 8 hours, after 
which it is kept for 8 hours in a water bath of 23 °C so as to 
precipitate a polymer. The precipitated polymer and the n-decane 
suspension that contains the dissolved polymer are separated by 
filtration with a G-4 (or G-2) glass filter. The obtained 
solution is dried at 150°C under 10 mmHg until a constant weight 
is achieved, and this weight is measured and taken as the 
quantity of the polymer component that is soluble in the 
aforesaid mixed solvents. It is calculated in terms of a 
percentage of the weight of the sample polymer. 

[0045] 

Preferably, the half -crystallization time at 135°C of the 
insoluble-in-boiling heptane component of the polypropylenes 
pertaining to the present invention is 500 seconds or less, 
preferably 100 seconds or less, better yet, 80 seconds or less, 
but the best is 70 seconds or less. 

[0046] 

The following procedure is used to measure the half- 
crystallization time at 135°C of the component insoluble in 
boiling heptane of the propylene polymers. Using a differential 
thermal analyzer manufactured by Perkin-Elmer Co., the 
relationship between the amount of heat generated by the 
crystallization of the insoluble-in-boiling heptane component of 
the aforesaid polymer at 135°C and the time is measured, and the 
time required for the generated heat to reach 50 % of the total 
generated heat is taken as the half -crystallization time. 

[0047] 

It is preferable for the difference between the melting 
point and crystallization temperature of the component insoluble 
in boiling heptane of the propylene polymers of the present 
invention to be 45°C or less, preferably 43°C or less, better 
yet, 40°C or less. 
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[0048] 

The limiting viscosity [r|] of the propylene polymers of the 
present invention measured in decalin at 13 5°C is usually in the 
range of 30 to 0.001 dl/g, preferably in the range of 10 to 0.01 
dl/g, better yet, in the range of 8 to 0.005 dl/g. 

[0049] 

This type of propylene polymer pertaining to the present 
invention can be prepared by polymerizing propylene in the 
presence of, for example, [la] an olefin polymerization catalyst 
that is formed from a solid titanium catalyst component (a) that 
contains magnesium, titanium, halogen, and an electron donor as 
its essential components, [II] an organometallic catalyst 
component (b) , and [III] a silicon compound (c) represented by 
the following formula (iii) or a compound (d) that has two or 
more ether bonds between which a plurality of atoms are present: 

R a n Si (OR b ) 4 . n ... (iii) 

(wherein n is 1, 2, or 3; R a is a secondary or tertiary 
hydrocarbon group when n is 1, while at least one of R a s is a 
secondary or tertiary hydrocarbon group when n is 2 or 3, R a s 
being the same or different; R b s are hydrocarbon groups having 1 
to 4 carbon atoms, R b s being the same or different when 4-n is 2 
or 3), or preferably in the presence of an olefin polymerization 
catalyst that is formed from a prepolymerized catalyst component 
[lb] that is obtained by prepolymerizing at least one kind of 
olefin selected from the olefins represented by the following 
formula (i) or (ii) in the presence of a solid titanium catalyst 
component (a) that contains magnesium, titanium, halogen, and an 
electron donor as its essential components and an organometallic 
catalyst component (b) , 

[0050] [Chem. 6] 

H 2 C = CH-X ... (i) H 2 C = CH - CH 2 - X . . . (ii) 

R 1 

I 2 

(wherein X is a cycloalkyl group, aryl group, or -M-R , 

R 3 

in which M is a carbon or silicon atom; R 1 and R 2 are hydrocarbon 
groups; and R 3 is a hydrogen atom or hydrocarbon group) . 

[0051] 

[II] an organometallic catalyst component (b) , and [III] a 
silicon compound (c) represented by the aforesaid formula (iii) 
or a compound (d) that has two or more ether bonds between which 
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a plurality of atoms are present. 
[0052] 

Figures 1 and 2 illustrate the processes of formulating the 
olefin polymerization catalysts used in the preparation of the 
propylene polymers of the present invention. The following gives 
a detailed explanation on each component that constitutes the 
olefin polymerization catalysts used in the preparation of the 
propylene polymers pertaining to the present invention. 

[0053] 

The solid titanium catalyst component (a) can be obtained by 
bringing a magnesium compound, a titanium compound, and an 
electron donor, which will be discussed later, into contact with 
one another. Some concrete examples of the titanium compound 
used for formulating the solid titanium catalyst component (a) 
include, for example, tetravalent titanium compounds represented 
by the following formula: 

[0054] Ti(OR) g X 4 _ g 

(wherein R is a hydrocarbon group, X is a halogen atom, and g is 
0 < g <4) . 

The following lists some concrete examples of this type of 
titanium compound: titanium tetrahalides , such as TiCl 4 , TiBr 4 , 
Til 4 , etc.; alkoxy titanium trihalides, such as Ti(OCH 3 )Cl 3 , 
Ti(OC 2 H 5 )Cl 3 , Ti(On-C 4 H g )Cl 3 , Ti (OC 2 H 5 ) Br 3 , Ti (0-iso-C 4 H 9 ) Br 3 , etc.; 
dialkoxy titanium dihalides, such as Ti (OCH 3 ) 2 C1 2 , Ti (OC 2 H 5 ) 2 C1 2 , 
Ti (On-C 4 H 9 ) 2 Cl 2 , Ti (OC 2 H 5 ) 2 Br 2 , etc.; trialkoxy titanium 
monohalides, such as Ti(OCH 3 ) 3 Cl, Ti (OC 2 H 5 ) 3 C1 , Ti (On-C 4 H 9 ) 3 C1 , 
Ti (OC 2 H 5 ) 3 Br, etc.; tetraalkoxy titaniums, such as Ti(OCH 3 ) 4 , 
Ti(OC 2 H 5 ) 4 , Ti(On-C 4 H 9 ) 4 , Ti (0-iso-C 4 H 9 ) 4 , Ti (O-2-ethyl hexyl) 4 , etc. 

[0055] 

Preferable among these are halogen-containing titanium ^ 
compounds, better yet, titanium tetrahalides, and the most ideal 
is titanium tetrachloride. These titanium compounds can be used 
singly or in combination of two or more. Furthermore, they may 
be diluted with hydrocarbon compounds or halogenated hydrocarbon 
compounds . 

[0056] 

The magnesium compound used for formulating the solid 
titanium catalyst component (a) includes magnesium compounds with 
a reducing property and those without a reducing property. 
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[0057] 

Some examples of the magnesium compounds with a reducing 
property include magnesium compounds that have magnesium- to- 
carbon bonds or magnesium-to-hydrogen bonds. Some specific 
examples of the magnesium compounds that have a reducing property 
include dimethyl magnesium, diethyl magnesium, dipropyl 
magnesium, dibutyl magnesium, diamyl magnesium, dihexyl 
magnesium, didecyl magnesium, ethyl magnesium chloride, propyl 
magnesium chloride, butyl magnesium chloride, hexyl magnesium 
chloride, amyl magnesium chloride, butyl ethoxy magnesium, ethyl 
butyl magnesium, butyl magnesium halide, etc. These magnesium 
compounds may be used singly or may be used in the form of 
complex compounds formed with the organometallic compounds 
discussed later. These magnesium compounds may be liquid or 
solid and may be obtained by the reaction of a metallic magnesium 
with a corresponding compound. Furthermore, they may be derived 
from metallic magnesium during the formulation of the catalyst 
according to the aforesaid method. 

[0058] 

Some specific examples of the magnesium compounds with no 
reducing property include magnesium halides, such as magnesium 
chloride, magnesium bromide, magnesium iodide, magnesium 
fluoride, etc.; alkoxy magnesium halides, such as methoxy 
magnesium chloride, ethoxy magnesium chloride, isopropoxy 
magnesium chloride, butoxy magnesium chloride, octoxy magnesium 
chloride, etc.; allyloxy magnesium halides, such as phenoxy 
magnesium chloride, methyl phenoxy magnesium chloride, etc.; 
alkoxy magnesiums, such as ethoxy magnesium, isopropoxy 
magnesium, butoxy magnesium, n-octoxy magnesium, 2-ethylhexoxy 
magnesium, etc.; allyloxy magnesiums, such as phenoxy magnesium, 
dimethyl phenoxy magnesium, etc.; and magnesium carboxylates , 
such as magnesium laurate, magnesium stearate, etc. 

[0059] 

These magnesium compounds with no reducing property may be 
those derived from the above-mentioned magnesium compounds having 
a reducing property or those derived during the formulation of 
the catalyst component. In order to derive a magnesium compound 
with no reducing property from a magnesium compound with a 
reducing property, a magnesium compound with a reducing property 
may be brought into contact with a halogen or a compound having 
active carbon-to-oxygen bonds, such as a polysiloxane compound, 
halogen-containing silane compound, halogen-containing aluminum 
compound, alcohol, ester, ketone, and aldehyde. 
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[0060] 

In addition to the aforesaid magnesium compounds with or 
without a reducing property, complex compounds or composite 
compounds of the aforesaid magnesium compounds with other metals 
or mixtures of these magnesium compound^ with other metallic 
compounds may also be employed as the magnesium compound in the 
present invention. Furthermore, the aforesaid magnesium 
compounds may be used in combination of two or more. 

[0061] 

Various magnesium compounds other than those mentioned in 
the foregoing can also be used as the magnesium compound used for 
formulating the solid titanium catalyst component (a) , but it is 
desirable that this magnesium compound be present in the form of 
a halogen-containing magnesium compound in the resulting solid 
titanium catalyst component (a) . Therefore, if a magnesium 
compound that does not contain a halogen is used, the compound is 
preferably brought into contact with a halogen-containing 
compound in the course of the catalyst formulation. 

[0062] 

Preferred among the magnesium compounds cited in the 
foregoing are the magnesium compounds that do not have a reducing 
property, of which the halogen-containing magnesium compounds are 
preferred, and magnesium chloride, alkoxy magnesium chloride, and 
allyloxy magnesium chloride are considered to be ideal. 

[0063] 

The solid titanium catalyst component (a) used in the 
present invention is formulated by bringing the aforesaid type of 
magnesium compound into contact with the titanium compound 
discussed before and an electron donor. 

[0064] 

The following lists some specific examples of the electron 
donor that can be used for the formulation of the solid titanium 
catalyst component (a) : amines, such as methyl amine, ethyl 
amine, dimethyl amine, diethyl amine, ethylene diamine, 
tetramethylene diamine, hexamethylene diamine, tributyl amine, 113 
tribenzyl amine, etc.; pyrroles, such as pyrrole, methyl pyrrole, 
dimethyl pyrrole, etc.; pyrroline; pyrrolidine; indole; ^ 
pyridines, such as pyridine, methyl pyridine, ethyl pyridine, 
propyl pyridine, dimethyl pyridine, ethyl methyl pyridine, 
trimethyl pyridine, phenyl pyridine, benzyl pyridine, pyridine 
chloride, etc.; nitrogen-containing cyclic compounds, such as 
piperidines, quinolines, isoquinolines , etc.; oxygen-containing 
cyclic compounds, such as tetrahydrof uran, 1,4-cineol, 1,8- 
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cineol, pinolfuran, methylfuran, dimethyl fur an, diphenylf uran, 
benzofuran, coumaran, phthalan, tetrahydropyran, pyran, 
% dihydropyran, etc.; alcohols having 1 to 18 carbon atoms, such as 
methanol, ethanol, propanol, pentanol, hexanol, octanol, 2 -ethyl 
hexanol, dodecanol, octadecyl alcohol, oleyl alcohol, benzyl 
alcohol, phenyl ethyl alcohol, cumyl alcohol, isopropyl alcohol, 
n isopropyl benzyl alcohol, etc.; phenols with 6 to 20 carbon atoms 
that may have lower alkyl groups, such as phenol, cresol, 
xylenol, ethyl phenol, propyl phenol, nonyl phenol, cumyl phenol, 
naphthol, etc.; ketones with 3 to 15 carbon atoms, such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, 
acetophenone, benzophenone, acetyl acetone, benzoquinone, etc.; 
aldehydes with 2 to 15 carbon atoms, such as acetaldehyde, 
propionaldehyde , oc tylaldehyde , benzaldehyde , tolualdehyde , 
naphthaldehyde, etc.; organic esters having 2 to 30 carbon atoms, 
such as methyl formate, methyl acetate, ethyl acetate, vinyl 
acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl 
propionate, methyl butyrate, ethyl valerate, methyl 
chloroacetate, ethyl dichloroacetate, methyl methacrylate, ethyl 
$ crotonate, ethyl cyclohexane carboxylate, methyl benzoate, ethyl 
benzoate, propyl benzoate, butyl benzoate, octyl benzoate, 
cyclohexyl benzoate, phenyl benzoate, benzyl benzoate, methyl 
toluate, ethyl toluate, amyl toluate, ethyl ethylbenzoate, methyl 
anisate, n-butyl maleate, diisobutyl methyl malonate, di-n-hexyl 
cyclohexene carboxylate, diethyl nadiate, diisopropyl 
tetrahydrophthalate, diethyl phthalate, diisobutyl phthalate, di- 
n-butyl phthalate, di-2 -ethyl hexyl phthalate, y-butyrolactone, 
5-valerolactone, coumarin, phthalide, ethyl carbonate, etc.; acid 
halides having 2 to 15 carbon atoms, such as acetyl chloride, 
benzoyl chloride, toluic acid chloride, anisic acid chloride, 
etc.; ethers having 2 to 20 carbon atoms, such as methyl ether, 
ethyl ether, isopropyl ether, butyl ether, amyl ether, anisole, 
diphenyl ether epoxy-p-me thane, etc.; diethers, such as 2- 
isopentyl-2 - isopropyl- 1 , 3-dimethoxy propane, 2 , 2- isobutyl- 1, 3- 
dimethoxy propane, 2 , 2-isopropyl-l, 3-dimethoxy propane, 2- 
cyclohexyl methyl-2 - isopropyl- 1, 3-dimethoxy propane, 2,2- 
isopentyl-1 , 3-dimethoxy propane, 2 -isobutyl-2- isopropyl- 1 , 3- 
dimethoxy propane, 2-cyclohexyl-2-isopropyl-l, 3-dimethoxy 
propane, 2 -cyclopentyl-2- isopropyl- 1, 3-dimethoxy propane, 2,2- 
dicyclopentyl-1 , 3-dimethoxy propane, 1 , 2-bis-methoxy methyl- 
bicyclo- [2 , 2 , 1] -heptane, diphenyl dimethoxy silane, isopropyl-t- 
butyl dimethoxy silane, 2 , 2-diisobutyl-l , 3-dimethoxy cyclohexane, 
2-isopentyl-2-isopropyl-l , 3-dimethoxy cyclohexane, etc.; acid 
amides, such as acetamide, benzamide, toluamide, etc.; nitriles, 
such as acetonitrile, benzonitrile, trinitrile, etc.; acid 
anhydrides, such as acetic anhydrides, phthalic anhydride, 
benzoic anhydride, etc. 

[0065] 

It is also possible to use the silicon compounds represented 
by the general formula (iii) , which will be discussed later, as 
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the ^electron donor. At the time of bringing the aforesaid type 
of titanium compound, magnesium compound, and electron donor into 
contact with one another, the following carrier compounds may be 
used to formulate carrier-held solid titanium catalyst components 
(a) . 

[0066] 

Some examples of the carrier compounds include Al 2 0 3/ Si0 2 , 
B 2 0 3 , MgO, CaO, Ti0 2 , ZnO, Zn0 2/ Sn0 2 , BaO, ThO, and such resins as 
a styrene-divinyl benzene copolymer, etc. Preferable among these 
carrier compounds are Si0 2 , Al 2 0 3 , MgO, ZnO, Zn0 2 , etc. 

[0067] 

The aforesaid components may also be brought into contact in 
the presence of other reaction reagents such as silicon, 
phosphorus, aluminum, etc. The solid titanium catalyst component 
(a) is formulated by bringing the titanium component, the 
magnesium component, and the electron donor described in the 
foregoing into contact with one another, wherein any one of . 
conventionally known processes may be employed. 

[0068] 

Some concrete example processes for formulating the solid 
titanium catalyst component (a) are briefly described below. 

(1) A process that is comprised of a step of bringing a 
solution that consists of a magnesium compound, an electron 
donor, and a hydrocarbon solvent into contact with an 
organometallic compound, thereby precipitating a solid, and of a 
step of bringing the solid into contact with a titanium compound, 
said step being carried out after the precipitation or 
simultaneously with the precipitation. 

[0069] 

(2) A process that is comprised of a step of bringing a 
complex composed of a magnesium compound. and an electron donor 
into contact with an organometallic compound to react them and a 
subsequent step of bringing the reaction product into contact 
with a titanium compound. 

(3) A process that brings a contact-reaction product of an 
inorganic carrier and an organomagnesium compound into contact 

with a titanium compound and preferably with an electron donor. Z14. 
In this process, the contact-reaction product may be subjected to 
a contact reaction beforehand with a halogen-containing compound 
and/ or an organometallic compound. 
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[0070] 



(4) A process that is comprised of a step of obtaining a 
magnesium- compound- supporting inorganic or organic carrier from a 
mixture consisting of a solution that contains a magnesium 
compound, an electron donor, and, in some cases, a hydrocarbon 
solvent and consisting of an inorganic or organic carrier and a 
subsequent step of bringing the obtained carrier into contact 
with a titanium compound. 

[0071] 

(5) A process that brings a solution that contains a 
magnesium compound, a titanium compound, an electron donor, and, 
in some cases, a hydrocarbon solvent into contact with an 
inorganic or organic carrier, thereby obtaining a solid titanium 
catalyst component on which magnesium and titanium are supported. 

[0072] 

(6) A process that subjects a liquid-form organomagnesium 
compound to a contact reaction with a halogen-containing titanium 
compound. In this process, an electron donor is used at least 
once . 

(7) A process that is comprised of a step of subjecting a 
liquid-form organomagnesium compound to a contact reaction with a 
halogen-containing compound and a subsequent step of bringing a 
titanium compound into contact with the reaction product. In 
this process, an electron donor is used at least once. 

[0073] 

(8) A process of bringing an alkoxy-group-containing 
magnesium compound into contact with a halogen-containing 
titanium compound. In this process, an electron donor is used at 
least once. 

(9) A process of bringing a complex comprised of an alkoxy- 
group-containing magnesium compound and an electron donor into 
contact with a titanium compound. 

[0074] 

(10) A process that is comprised of a step of bringing a 
complex consisting of an alkoxy-group-containing magnesium 
compound and an electron donor into contact with an 
organometallic compound and of a subsequent step of bringing the 
reaction product into contact with a titanium compound. 

(11) A process of subjecting a magnesium compound, an 
electron donor, and a titanium compound to a contact reaction in 



any order. For this reaction, each component may be pretreated 
with an electron donor and/or a reaction assistant, such as an 
organometallic compound or a halogen-containing silicon compound. 
In this process, it is preferred to use the aforesaid electron 
donor at least once. 

[0075] 

(12) A process of reacting a liquid magnesium compound 
having no reducing property with a liquid titanium compound 
preferably in the presence of an electron donor, thereby 
precipitating a solid magnesium/ titanium complex. 

[0076] 

(13) A process of further subjecting the reaction product 
obtained in the process (12) to a reaction with a titanium 
compound . 

(14) A process of further subjecting the reaction product 
obtained in the process (11) or (12) to a reaction with an 
electron donor and a titanium compound. 

[0077] 

(15) A process of pulverizing a titanium compound, a 
magnesium compound, and preferably an electron donor, thereby 
obtaining a solid product, which is treated with either a 
halogen, halogen compound, or aromatic hydrocarbon. This process 
may include a step of pulverizing only a magnesium compound, a 
step of pulverizing a complex composed of a magnesium compound 
and an electron donor, or a step of pulverizing a magnesium 
compound and a titanium compound. Furthermore, after the 
pulverization step, the solid may be pretreated with a reaction 
assistant and then treated with a halogen and the like. Examples 
of the reaction assistant include organometallic compounds, 
halogen-containing silicon compounds, etc. 

[0078] 

(16) A process that is comprised of a step of pulverizing a 
magnesium compound and a subsequent step of subjecting the 
resulting product to a contact reaction with a titanium compound. 
In this process, it is preferable to use an electron donor or a 
reaction assistant in the pulverization step and/or the contact- 
reaction step. 

[0079] 

(17) A process of treating a compound obtained in one of the 
aforesaid processes (11) to (16) with a halogen, a halogen 
compound, or an aromatic hydrocarbon. 
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(18) A process of bringing a contact-reaction product of a 
metal oxide, an organomagnesium compound, and a halogen- 

* containing compound into contact with a titanium compound and, 
preferably, with an electron donor. 

[0080] 

(19) A process of bringing a magnesium compound, such as a 
magnesium salt of organic acid, alkoxy magnesium, or aryloxy 
magnesium into contact with a titanium compound and/or a halogen- 
containing hydrocarbon and, preferably, with an electron donor. 

[0081] 

(20) A process of bringing a hydrocarbon solution that 
contains at least a magnesium compound and alkoxy titanium into 
contact with a titanium compound and/or an electron donor. In 
this process, it is preferable for a halogen-containing compound, 
such as a halogen-containing silicon compound, to be also present 
in the reaction system. 

[0082] 

(21) A process that is comprised of a step of reacting a 
liquid magnesium compound having no reducing property with an 
organometallic compound to precipitate a solid magnesium/metal 
(aluminum) complex and of a subsequent step of reacting the 
reaction product with an electron donor and a titanium compound. 

[0083] 

The amount of each component used for formulating the solid 
titanium catalyst component (a) cannot be given definitively 
because it varies depending on the process used. However, it can 
be said, for example, that, for one mole of the magnesium 
compound, the electron donor is used in an amount of 0.01 to 10 
moles, preferably 0.1 to 5 moles, and the titanium compound is 
used in an amount of 0.01 to 1000 moles, preferably 0.1 to 200 
moles . 

[ [0084] 

The solid titanium catalyst component (a) obtained in this 
manner contains magnesium, titanium, halogen, and an electron 
donor as the essential components. In this solid titanium 
catalyst component (a) , the atomic ratio of halogen/ titanium is 
in the range of about 2 0 to 200, preferably in the range of about 
4 to 100; the mole ratio of the aforesaid electron donor/ titanium 
is in the range of about 0.01 to 100, preferably in the range of 
about 0.02 to 10; and the atomic ratio of magnesium/ titanium is 
in the range of about 1 to 100, preferably about 2 to 50. 
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It is desirable that this solid titanium catalyst component 
(a) (that is, catalyst component [la]) be employed for 
polymerization in the form of the prepolymerized catalyst 
component [lb] , which is obtained by prepolymerizing olefin in 
the presence of said solid titanium catalyst component (a) and 
the organometallic catalyst component (b) discussed below. 

[0086] 

As the organometallic catalyst component (b) used for the 
formulation of the prepolymerized catalyst component [lb], there 
are organometallic compounds of metals belonging to Groups I 
to III of the periodic table, some concrete examples of which are /15 
cited below. 

[0087] 

(b-1) Organoaluminum compound represented by the following 
general formula : R 1 m Al (OR 2 ) n H p X q 

(wherein R 1 and R 2 , which can be the same or different, are 
hydrocarbon groups usually having 1 to 15 carbon atoms, 
preferably having 1 to 4 carbon atoms; X denotes a halogen atom; 
and m, n, p, and q are numbers that satisfy m+n+p+q=3, 
provided that m is 0 < m < 3, n is 0 < n < 3 , p is 0 < p < 3 ( and 
q is 0 < q < 3). 

[0088] 

(b-2) Alkyl complex compounds of aluminum and Group I 
metals, said complex compounds being represented by the following 
general formula: M 1 Al R* 4 

(wherein M 1 is Li, Na, or K, and R 1 is the same as defined in the 
foregoing) . 

[0089] 

(b-3) Dialkyl compounds of Group II or III metals, said 
compounds being represented by the following general formula: 
R 1 R 2 M 2 

(wherein R 1 and R 2 are the same as defined in the foregoing, and 
M 2 is Mg, Zn, or Cd) . 

[0090] 

Examples of organoaluminum compounds belong to the aforesaid 
(b-1) include the following compounds: 
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compounds represented by general formula Al (OR 2 ) 3 _ m 

(wherein R 1 and, R 2 are the same as defined in the foregoing, and 
m is preferably a number that satisfies 1.5 <. m <. 3), 

compounds represented by general formula R^ Al X 3 _ m 

(wherein R 1 is the same as defined in the foregoing, X is a 
halogen, and m is preferably a number that satisfies o < m < 3), 

compounds represented by general formula R x m Al H 3 _ m 

(wherein R 1 is the same as defined in the foregoing, and m is 
preferably a number that satisfies 2 < m < 3), and 

compounds represented by general formula R^ Al (0R 2 ) n X q 

(wherein R 1 and R 2 are the same as defined in the foregoing, X is 
a halogen, and m, n, and q are numbers that satisfy m + n + q = 
3 , provided that 0 < m < 3 , 0 < n < 3 , and 0 < q < 3 ) . 

[0091] 

Further concrete examples of the aluminum compounds that 
belong to (b-1) include trialkyl aluminums, such as triethyl 
aluminum, tributyl aluminum, etc.; trialkenyl aluminums, such as 
triisoprenyl aluminum, etc.; dialkyl aluminum alkoxides, such as 
diethyl aluminum ethoxide, dibutyl aluminum butoxide, etc.; alkyl 
aluminum sesquialkoxides , such as ethyl aluminum sesquiethoxide, 
butyl aluminum sesquibutoxide, etc.; partially alkoxylated alkyl 
aluminums that have an average composition represented by, for 
example, R 1 2 . 5 Al (OR 2 ) 05 , etc.; dialkyl aluminum halides, such as 
diethyl aluminum chloride, dibutyl aluminum chloride, diethyl 
aluminum bromide, etc.; alkyl aluminum sesquihalides , such as 
ethyl aluminum sesquichloride, butyl aluminum sesquichloride, 
ethyl aluminum sesquibromide, etc.; partially halogenated alkyl 
aluminums, such as alkyl aluminum dihalides, etc., some examples 
of which include ethyl aluminum dichloride, propyl aluminum 
dichloride, butyl aluminum dibromide, etc.; dialkyl aluminum 
hydrides, such as diethyl aluminum hydride, dibutyl aluminum 
hydride, etc.; other partially hydrogenated alkyl aluminums, such 
as alkyl aluminum dihydrides, etc., some examples of which 
include ethyl aluminum dihydride, propyl aluminum dihydride, 
etc.; and partially alkoxylated and halogenated alkyl aluminums, 
such as ethyl aluminum ethoxy chloride, butyl aluminum butoxy 
chloride, ethyl aluminum ethoxy bromide, etc. 

[0092] 

Compounds that are similar to the compounds (b-1) include 

organoaluminum compounds in which at least two aluminum atoms are 

linked, having an oxygen atom or a nitrogen atom between them. 
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Some examples of such compounds include: (C 2 H 5 ) 2 Al 0 Al (C 2 H 5 ) 2 , 
(C 4 H 9 ) 2 Al 0 Al (C 4 H 9 ) 2/ (C 2 H 5 ) 2 Al N (C 2 H 5 )Al (C 2 H 5 ) 2/ and so forth, 
as well as aluminoxanes , such as methyl aluminoxane, etc. 

[0093] 

Some examples of the compounds that belong to the aforesaid 
(b-2) include, Li Al (C 2 H 5 ) 4/ Li Al (C 7 H 15 ) 4 , etc. 

[0094] 

Of these, the organoaluminum compounds are employed with 
preference. Compounds that are given by the formula (i) or (ii) 
presented before are preferably used as the olefin in the 
formulation of the prepolymerized catalyst component [lb], and 
some concrete examples of these compounds include olefins that 
have branched structures, such as 3 -methyl- 1-butene, 3 -methyl- 1- 
pentene, 3-ethyl-l-pentene, 4-methyl-l-pentene, 4-methyl-l- 
hexene, 4, 4-dimethyl-l-hexene, 4, 4 -dimethyl -1-pentene, 4-ethyl-l- 
hexene, 3-ethyl-l-hexene, allyl naphthalene, allyl norbornane, 
styrene, dimethyl styrenes, vinyl naphthalenes, allyl toluenes, 
allyl benzene, vinyl cyclohexane, vinyl cyclopentane, vinyl 
cycloheptane, allyl trialkyl silanes, etc. Preferable among 
these are 3-methyl-l-butene, 3-methyl-l-pentene, 3-ethyl-l- 
hexene, vinyl cyclohexane, allyl trimethyl silane, dimethyl 
styrene, etc., of which 3-methyl-l-butene, vinyl cyclohexane, and 
allyl trimethyl silane are particularly suitable. 

[0095] 

In addition to these, straight-chain olefins, such as 
ethylene, propylene, 1-butene, 1-octene, 1-hexadecene, 1- 
eicocene, etc., may also be used in combination. In the 
prepolymerization, a catalyst can be used in a considerably 
higher concentration than the catalyst concentration in the 
system of a main polymerization of propylene. 

[0096] 

It is preferred that the concentration of the solid 
titanium catalyst component (a) in the prepolymerization is Zl£ 
usually in the range of about 0.01 to 200 millimoles, preferably 
in the range of about 0.05 to 100 millimoles, in terms of 
titanium atoms, for 1 liter of an inactive hydrocarbon medium, 
which will be described later. 

[0097] 

The quantity of the organometallic catalyst component (b) 
should be an amount with which 0 . 1 to 1000 g, preferably 0.3 to 
500 g, of a polymer can be formed per 1 g of the solid titanium 
catalyst component (a). For 1 mole of titanium atoms in the 
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solid titanium catalyst component (a) , it is desirable to set the 
amount normally in the range of about 0.1 to 100 millimoles, 
preferably in the range of about 0.5 to 50 millimoles. 

[0098] 

When the prepolymerization is carried out, an electron donor 
(3) may be used in addition to the solid titanium catalyst 
component (a) and organometallic catalyst component (b) . Some 
specific examples of this electron donor (e) include the electron 
donors presented before that are employed for formulating the 
solid titanium catalyst component (a) , silicon compounds (c) 
represented by the formula (iii) , which will be discussed later, 
compounds (d) that have at least two ether bonds between which a 
plurality of atoms are present, and organosilicon compounds that 
are represented by the following formula (c-i) . 

[0099] R n Si(OR') 4 . n ... (c-i) 

(wherein R and R' are hydrocarbon groups, and n is. 0 < n < 4). 

The organosilicon compounds represented by this formula (c-i) do 
not include silicon compounds (c) represented by formula (iii), 
which will be described later. 

[0100] 

Some examples of the organosilicon compounds represented by 
this general formula (c-i) include trimethyl methoxy silane, 
trimethyl ethoxy silane, dimethyl dimethoxy silane, dimethyl 
diethoxy silane, diisopropyl dimethoxy silane, diphenyl dimethoxy 
silane, phenyl methyl dimethoxy silane, diphenyl diethoxy silane, 
bis-o-tolyl dimethoxy silane, bis-m-tolyl dimethoxy silane, bis- 
p-tolyl dimethoxy silane, bis-p-tolyl diethoxy silane, bis ethyl 
phenyl dimethoxy silane, ethyl trimethoxy silane, ethyl triethoxy 
silane, vinyl trimethoxy silane, methyl trimethoxy silane, n- 
propyl triethoxy silane, decyl trimethoxy silane, decyl triethoxy 
silane, phenyl trimethoxy silane, ychloropropyl trimethoxy 
silane, methyl triethoxy silane, ethyl triethoxy silane, vinyl 
triethoxy silane, n-butyl triethoxy silane, phenyl triethoxy 
silane, Y~^ m i n °propyl triethoxy silane, chlorotriethoxy silane, 
ethyl triisopropoxy silane, vinyl tributoxy silane, ethyl 
silicate, butyl silicate, trimethyl phenoxy silane, methyl 
triallyloxy (allyloxy) silane, vinyl tris ((3-methoxy ethoxy 
silane) , vinyl triacetoxy silane, dimethyl tetraethoxy 
disiloxane, etc. 

[0101] 

These electron donors (e) may be used singly or in 
combination of two or more. These electron donors (e) are used 
. in an amount of 0.1 to 50 moles, preferably 0.5 to 30 moles, 
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better yet, 1 to 10 moles, per mole of titanium atoms in the 
solid titanium catalyst component (a) . 

[0101] 

The prepolymerization is conducted by adding olefins 
represented by the aforesaid formula (i) or (ii) and the 
aforesaid catalyst components in an inactive hydrocarbon medium 
preferably under mild conditions. Some concrete examples of the 
inactive hydrocarbon medium used in this process include: 
aliphatic hydrocarbons, such as propane, butane, pentane, hexane, 
heptane, octane, decane, dodecane, kerosine, etc.; alicyclic 
hydrocarbons, such as cyclopentane, cyclohexane, methyl 
eye 1 open Cane, etc.; aromatic hydrocarbons, such as benzene, 
toluene, xylene, etc.; halogenated hydrocarbons, such as ethylene 
chloride, chlorobenzene, etc.; or contact-reaction products 
thereof. Especially desirable among these inactive hydrocarbon 
mediums are aliphatic hydrocarbons. 

[0103] 

The reaction temperature of the prepolymerization should be 
set to a temperature at which the resulting prepolymerized 
product does not substantially dissolve in the inactive 
hydrocarbon medium, and it is usually in the range of -20 to 
+100°C or thereabouts, preferably in the range of -20 to +80°C or 
thereabouts, better yet, in the range of 0 to +40°C. In the 
prepolymerization, molecular-weight-regulating agents, such as, 
hydrogen, may also be used. 

[0104] 

It is preferred to conduct the prepolymerization in such a 
manner that approximately 0 . 1 to lOOOg, preferably approximately 
0.3 to 500 g, of the target polymer is produced for 1 g of the 
aforesaid solid titanium catalyst component (a) . An excessively 
high prepolymerization quantity may cause the (co) polymer 
formation efficiency in the main polymerization to decrease, and, 
when films, etc., are formed from the obtained (co)polymer, fish 
eye problems may readily occur. 

[0105] 

This prepolymerization can be carried out in a batch method 
or a continuous method. The olefin polymerization ^ catalyst used 
in the preparation of the propylene polymers pertaining to the ^ 
present invention is composed of [I] the aforesaid solid titanium 
catalyst component [la] or prepolymerized catalyst component 
[lb], [II] organometallic catalyst component, and [III] silicon 
compound (c) or compound (d) that has two or more ether bonds 
between which a plurality of atoms are present. 
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[0106] As the organometallic catalyst component [II] here, those 
cited as the organometallic catalyst component (b) used for the 
formulation of the prepolymerized catalyst component [lb] can be 
used. The silicon compound (c) of [III] is a compound 
represented by the following formula (iii) : 

[0107] R a n - Si - (OR b ) 4 . n . . . (iii) 

(wherein n is either 1, 2, or 3; R a is a secondary or tertiary 
hydrocarbon group when n is 1, whereas at least one of the R a s /ll 
is a secondary or tertiary hydrocarbon groups when n is either 2 
or 3, R a s being the same or different; and R b is a hydrocarbon 
group having 1 to 4 carbon atoms, R b s either being the same or 
different when 4-n is 2 or 3) . 

The secondary or tertiary hydrocarbon groups in the silicon 
compounds (c) represented by this formula (iii) include 
cyclopentyl groups, cyclopentenyl groups, cyclopentadienyl 
groups, substituted groups thereof, or hydrocarbon groups in 
which the carbon atom that is adjacent to Si is a secondary or 
tertiary carbon atom. More specifically, the substituted 
cyclopentyl groups include cyclopentyl groups having such an 
alkyl group as a 2 -methyl cyclopentyl group, 3 -methyl cyclopentyl 
group, 2-ethyl cyclopentyl group, 2-n-butyl cyclopentyl group, 

2.3- dimethyl cyclopentyl group, 2,4-dimethyl cyclopentyl group, 
2,5-dimethyl cyclopentyl group, 2,3-diethyl cyclopentyl group, 

2.3. 4- trimethyl cyclopentyl group, 2,3, 5-trimethyl cyclopentyl 
group, 2 , 3 , 4-triethyl cyclopentyl group, tetramethyl cyclopentyl 
group, tetraethyl cyclopentyl group, etc. 

[0108] 

The substituted cyclopentenyl groups include cyclopentenyl 
groups having such an alkyl group as a 2 -methyl cyclopentenyl 
group, 3-methyl cyclopentenyl group, 2-ethyl cyclopentenyl group, 
2-n-butyl cyclopentenyl group, 2,3-dimethyl cyclopentenyl group, 

2.4- dimethyl cyclopentenyl group, 2,5-dimethyl cyclopentenyl 
group, 2 , 3 , 4-trimethyl cyclopentenyl group, 2 , 3 , 5-trimethyl 
cyclopentenyl group, 2 , 3 , 4-triethyl cyclopentenyl group, 
tetramethyl cyclopentenyl group, tetraethyl cyclopentenyl group, 
etc . 

[0109] 

The substituted cyclopentadienyl groups include 
cyclopentadienyl groups having such an alkyl group as a 2 -methyl 
cyclopentadienyl group, 3-methyl cyclopentadienyl group, 2-ethyl 
cyclopentadienyl group, 2-n-butyl cyclopentadienyl group, 2,3- 
dimethyl cyclopentadienyl group, 2,4-dimethyl cyclopentadienyl 
group, 2,5-dimethyl cyclopentadienyl group, 2,3-diethyl 
cyclopentadienyl group, 2 , 3 , 4-trimethyl cyclopentadienyl group, 

2 . 3 . 5- trimethyl cyclopentadienyl group, 2 , 3 , 4-triethyl 
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cyclopentadienyl group, 2 , 3 , 4 , 5-tetramethyl cyclopentadienyl 
group, 2, 3, 4, 5- tetraethyl cyclopentadienyl group, 1,2,3,4,5- 
pentamethyl cyclopentadienyl group, 1,2,3,4 , 5-pentaethyl 
cyclopentadienyl group, etc. 

[0110] 

Some examples of the hydrocarbon groups in which the carbon 
atom adjacent to Si is a secondary carbon atom include an i- 
propyl group, s -butyl group, s-amyl group, a-methyl benzyl group, 
etc. Some examples of the hydrocarbon groups in which the carbon 
atom adjacent to Si is a tertiary carbon atom include a t-butyl 
group, t-amyl group, a, a 1 -dimethyl benzyl group, admantyl groups, 
etc . 

[0111] 

The silicon compounds represented by this formula (iii) in 
which n is 1 include trialkoxy silanes, such as cyclopentyl 
trimethoxy silane, 2-methyl cyclopentyl trimethoxy silane, 2,3- 
dimethyl cyclopentyl trimethoxy silane, cyclopentyl triethoxy 
silane, iso-butyl triethoxy silane, t-butyl triethoxy silane, 
cyclohexyl trimethoxy silane, cyclohexyl triethoxy silane, 2- 
norbornane trimethoxy silane, 2-norbornane triethoxy silane, etc. 

[0112] 

Some example compounds represented by this formula (iii) in 
which n is 2 include dialkoxy silanes, such as dicyclopentyl 
diethoxy silane, t-butyl methyl dimethoxy silane, t-butyl methyl 
diethoxy silane, t-amyl methyl diethoxy silane, dicyclohexyl 
dimethoxy silane, cyclohexyl methyl dimethoxy silane, cyclohexyl 
methyl diethoxy silane, 2-norbornane methyl dimethoxy silane, 
etc . 



[0113] 

When n is 2, it is preferable that the silicon compounds (c) 
represented by formula (iii) are dimethoxy compounds that are 
represented by the following formula (iv) . 

[0114] [Chem. 7] 

R • OCHi 

\ / 
S i 
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[0115] 



In the formula, R a and R° independently are a cyclopentyl 
group, a substituted cyclopentyl group, a cyclopentenyl group, a 
substituted cyclopentenyl group, a cyclopentadienyl group, a 
substituted cyclopentadienyl group, or a hydrocarbon group in 
which the carbon atom adjacent to Si is a secondary or tertiary 
carbon atom. 

[0116] 

Some examples of the silicon compounds represented by the 
formula (iv) include dicyclopentyl dimethoxy silane, 
dicyclopentenyl dimethoxy silane, dicyclopentadienyl dimethoxy 
silane, di-t-butyl dimethoxy silane, di(2-methyl cyclopentyl) 
dimethoxy silane, di(3-methyl cyclopentyl) dimethoxy silane, 
di(2-ethyl cyclopentyl) dimethoxy silane, di (2 , 3 -dimethyl 
cyclopentyl) dimethoxy silane, di (2 , 4-dimethyl cyclopentyl) 
dimethoxy silane, di (2 , 5 -dimethyl cyclopentyl) dimethoxy silane, 
di (2 , 3-diethyl cyclopentyl) dimethoxy silane, di (2 , 3 , 4- trimethyl 
cyclopentyl) dimethoxy silane, di (2 , 3 , 5- trimethyl cyclopentyl) 
dimethoxy silane, di (2 , 3 , 4-triethyl cyclopentyl) dimethoxy 
silane, di ( tetramethyl cyclopentyl) dimethoxy silane, 
di (tetraethyl cyclopentyl) dimethoxy silane, di(2-methyl 
cyclopentenyl) dimethoxy silane, di(3-methyl cyclopentenyl) 
dimethoxy silane, di(2-ethyl cyclopentenyl) dimethoxy silane, 
di(2-n-butyl cyclopentenyl) dimethoxy silane, di (2 , 3 -dimethyl 
cyclopentenyl) dimethoxy silane, di (2 , 4-dimethyl cyclopentenyl) 
dimethoxy silane, di (2 , 5-dimethyl cyclopentenyl) dimethoxy 
silane, di (2 , 3 , 4-trimethyl cyclopentenyl) dimethoxy silane, 
di (2 , 3 , 5-trimethyl cyclopentenyl) dimethoxy silane, di (2,3,4- 
triethyl cyclopentenyl) dimethoxy silane, di ( tetramethyl 
cyclopentenyl) dimethoxy silane, di ( tetraethyl cyclopentenyl) /18 
dimethoxy silane, di(2-methyl cyclopentadienyl) dimethoxy silane, 
di(3-methyl cyclopentadienyl) dimethoxy silane, di(2-ethyl 
cyclopentadienyl) dimethoxy silane, di(2-n-butyl cyclopentenyl) 
dimethoxy silane, di (2 , 3-dimethyl cyclopentadienyl) . dimethoxy 
silane, di (2 , 4-dimethyl cyclopentadienyl) dimethoxy silane, 
di (2 , 5-dimethyl cyclopentadienyl) dimethoxy silane, di(2,3- 
diethyl cyclopentadienyl) dimethoxy silane, di (2 , 3 , 4-trimethyl 
cyclopentadienyl) dimethoxy silane, di (2 , 3 , 5- trimethyl 
cyclopentadienyl) dimethoxy silane, di (2 , 3 , 4-triethyl 
cyclopentadienyl) dimethoxy silane, di (2 , 3 , 4 , 5- tetramethyl 
cyclopentadienyl) dimethoxy silane, di (2 , 3 , 4, 5- tetraethyl 
cyclopentadienyl) dimethoxy silane, di ( 1 , 2 , 3 , 4 , 5-pentamethyl 
cyclopentadienyl) dimethoxy silane, di ( 1 , 2 , 3 , 4 , 5-pentaethyl 
cyclopentadienyl) dimethoxy silane, di-t-amyl-dimethoxy silane, 
di (a, a ' -dimethyl benzyl) dimethoxy silane, di(admantyl) dimethoxy 
silane, adman tyl- t-butyl dimethoxy silane, cyclopentyl- t-butyl 
dimethoxy silane, diisopropyl dimethoxy silane, di-s-butyl 
dimethoxy silane, di-s-amyl dimethoxy silane, isopropyl-s-butyl 
dimethoxy silane, etc. 
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[0117] 



When n is 3, the following can be listed as some examples: 
monoalkoxy silanes, such as tricyclopentyl methoxy silane, 
tricyclopentyl ethoxy silane, dicyclopentyl methyl methoxy 
silane, dicyclopentyl ethyl methoxy silane, dicyclopentyl methyl 
ethoxy silane, cyclopentyl dimethyl methoxy silane, eye lopentyl 
diethyl methoxy silane, cyclopentyl dimethyl ethoxy silane, etc. 

[0118] 

Preferable among these are dimethoxy silanes, particularly 
those represented by the formula (iv) . More specifically, 
dicyclopentyl dimethoxy silane, di-t-butyl dimethoxy silane, 
di(2-methyl cyclopentyl) dimethoxy silane, di(3~methyl 
cyclopentyl) dimethoxy silane, di-t-amyl dimethoxy silane, etc., 
are preferable. 

[0119] 

These silicon compounds (c) can be used in combination of 
two or more. In the present invention's compound (d) , which has 
two or more ether bonds between which a plurality of atoms are 
present (said compound may be referred to as a polyether compound 
in the following) , the atoms that are present between these ether 
bonds are at least one kind selected from a group consisting of ^ 
carbon, silicon, oxygen, sulfur, phosphorus, and boron, and their 
atomicity is 2 or higher. Preferable among these are those in 
which relatively bulky substituents , more specifically, 
substituents having two or more carbon atoms, preferably three or 
more carbon atoms, and having a straight-chain, branched ^ chain, 
or cyclic structure, preferably a branched chain or cyclic 
structure, are linked to the atoms between ether bonds. 
Furthermore, preferable compounds have a plurality of, 
preferably, 3 to 20, better yet, 3 to 10, ideally, 3 to 7 , carbon 
atoms included in the atoms that are present between two or more 
ether bonds . 

[0120] 

Some examples of this kind of polyether compound include 
compounds given by the following formula: 

[0121] [Chem. 8] 

Rt* R .*i . . . R In R*< 

II II 

R 2 '-C-0-C- • • --C-0-C-R ,f 
II II 

R * 8 R 1 • • • R * R 25 
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[0122] 



wherein n is an integer that satisfies 2 <, n ^ 10; R 1 to R 26 
are substituents that have at least one kind of element selected 
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, 
phosphorus, boron, and silicon; any of R 1 to R 26 , preferably, R 1 
to R , together may form a ring other than a benzene ring; and 
the main chain may contain atoms other than carbon atoms. \ 

[0123] 

Some specific examples of the polyether compounds described 
in the foregoing include 2-(2-ethyl hexyl) -1, 3-dimethoxy propane, 
2-isopropyl-l, 3-dimethoxy propane, 2 -butyl-1 , 3-dimethoxy propane, 
2-s-butyl-l , 3-dimethoxy propane, 2 -cyclohexyl-1 , 3-dimethoxy 
propane, 2 -phenyl-1 , 3-dimethoxy propane, 2-cumyl-l , 3-dimethoxy 
propane, 2-(2-phenyl ethyl) -1, 3-dimethoxy propane, 2 (2-cyclohexyl 
ethyl) -1, 3-dimethoxy propane, 2- (p-chlorophenyl ) -1, 3-dimethoxy 
propane, 2-(diphenyl methyl) -1, 3-dimethoxy propane, 2-(l- 
naphthyl)- 1 , 3-dimethoxy propane, 2- (2-f luorophenyl) -1, 3-dimethoxy /19 
propane, 2- ( 1-decahydronaphthyl ) -1 , 3-dimethoxy propane, 2-(p-t- 
butyl phenyl) -1, 3-dimethoxy propane, 2 , 2-dicyclohexyl-l , 3- 
dimethoxy propane, 2 , 2-dicyclopentyl-l , 3-dimethoxy propane, 2,2- 
diethyl-1 , 3-dimethoxy propane, 2 , 2-dipropyl-l , 3-dimethoxy 
propane, 2 , 2-diisopropyl-l , 3-dimethoxy propane, 2 , 2-dibutyl-l , 3- 
dimethoxy propane, 2 -methyl-2 -propyl- 1, 3-dimethoxy propane, 2- 
methyl-2 -benzyl- 1, 3-dimethoxy propane, 2-methyl-2-ethyl-l , 3- 
dimethoxy propane, 2-methyl-2-isopropyl-l, 3-dimethoxy propane, 2- 
methyl- 2 -phenyl-1, 3-dimethoxy propane, 2 -methyl-2 -cyclohexyl-1 , 3- 
dimethoxy propane, 2, 2 -bis (p-chlorophenyl) -1, 3-dimethoxy 
propane, 2 , 2-bis (2-cyclohexyl ethyl) -1, 3-dimethoxy propane, 2- 
methyl-2-isobutyl-l, 3-dimethoxy propane, 2-methyl-2- (2-ethyl 
hexyl) -1, 3-dimethoxy propane, 2 , 2-diisobutyl-l , 3-dimethoxy 
propane, 2 , 2-dipheny 1-1, 3-dimethoxy propane, 2 , 2-dibenzyl-l , 3- 
dimethoxy propane, 2 , 2-bis (cyclohexyl methyl) -1, 3-dimethoxy 
propane, 2 , 2-diisobutyl-l , 3-diethoxy propane, 2 , 2-diisobutyl-l , 3- 
dibutoxy propane, 2-isobutyl-2-isopropyl-l , 3-dimethoxy propane, 
2-(l-methyl butyl) -2-isopropyl-l, 3-dimethoxy propane, 2-(l-methyl 
butyl) -2-s-butyl-l, 3-dimethoxy propane, 2 , 2-di-s-butyl-l , 3- 
dimethoxy propane, 2 , 2-di-t-butyl-l , 3-dimethoxy propane, 2,2- 
dineopentyl-1, 3-dimethoxy propane, 2-isopropyl-2-isopentyl-l , 3- 
dimethoxy propane, 2 -phenyl -2- isopr opyl-1 , 3-dimethoxy propane, 2- 
phenyl -2-s-butyl-l , 3-dimethoxy propane, 2-benzyl-2-isopropyl-l , 3- 
dimethoxy propane, 2-benzyl-2-s-butyl-l , 3-dimethoxy propane, 2- 
phenyl-2 -benzyl- 1, 3-dimethoxy propane, 2-cyclopentyl-2-isopropyl- 
1 , 3-dimethoxy propane, 2-cyclopentyl-2-s-butyl-l , 3-dimethoxy 
propane, 2-cyclohexyl-2-isopropyl-l , 3-dimethoxy propane, 2- 
cyc lohexyl - 2 - s -butyl - 1 , 3 -dimethoxy propane , 2 - i sopropy 1 - 2 - s - 
butyl-1, 3-dimethoxy propane, 2-cyclohexyl-2-cyclohexyl methyl- 
1, 3-dimethoxy propane, 2 , 3-diphenyl-l , 4-diethoxy butane, 2,3- 
dicyclohexyl-1, 4-diethoxy butane, 2, 2-dibenzyl-l , 4-diethoxy 
butane, 2 , 3-dicyclohexyl-l, 4-diethoxy butane, 2 , 3-diisopropyl- 
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1,4-diethoxy butane, 2,2-bis (p-methyl phenyl) -1 , 4-dimethoxy 
butane, 2, 3 -bis (p-chlorophenyl) -1, 4-dimethoxy butane, 2, 3 -bis 
(p-f luorophenyl) -1, 4-dimethoxy butane, 2, 4-diphenyl-l , 5-dimethoxy 
pentane, 2 , 5-diphenyl-l , 5-dimethoxy hexane, 2 , 4-diisopropyl-l , 5- 
dimethoxy pentane, 2 , 4-diisobutyl-l , 5-dimethoxy pentane, 2,4- 
diisoamyl-1 , 5-dimethoxy pentane, 3-methoxy methyl 
tetrahydrofuran, 3-methoxy methyl dioxane, 1 , 3-diisobutoxy 
propane, 1 , 2-diisobutoxy propane, 1 , 2-diisobutoxy ethane, 1,3- 
diisoamyloxy propane, 1 , 3-diisoneopentyloxy ethane, 1,3- 
dineopentyloxy propane, 2 , 2-tetramethylene-l , 3-dimethoxy propane, 

2. 2- pentamethylene-l, 3-dimethoxy propane, 2, 2-hexamethylene-l , 3- 
dimethoxy propane, 1,2-bis (methoxy methyl) cyclohexane, 2,8- 
dioxaspiro [5,5] undecane, 3 , 7-dioxabicyclo [3,3,1] nonane, 3,7- 
dioxabicyclo [3,3,0] octane, 3 , 3-diisobutyl-l , 5-oxanonane, 6,6- 
diisobutyl dioxyheptane, 1 ,1-dimethoxy methyl cyclopentane, 1,1- 
bis (dimethoxy methyl) cyclohexane, 1,1-bis (methoxy methyl) 
bicyclo [2,2,1] heptane, 1 , 1-dimethoxy methyl cyclopentane, 2- 
methyl -2 -methoxy methyl-1, 3-dimethoxy propane, 2 -cyclohexyl- 2- 
ethoxy methyl-1 , 3-diethoxy propane, 2-cyclohexyl-2-methoxy 
methyl-1, 3-dimethoxy propane, 2, 2-diisobutyl-l, 3-dimethoxy 
cyclohexane, 2-isopropyl-2-isoamyl-l, 3-dimethoxy cyclohexane, 2- 
cyclohexyl-2 -methoxy methyl-1 , 3-dimethoxy cyclohexane, 2- 
isopropyl -2 -methoxy methyl-1 , 3-dimethoxy cyclohexane, 2-isobutyl- 
2-methoxy methyl-1 , 3-dimethoxy cyclohexane, 2-cyclohexyl-2-ethoxy 
methyl-1, 3-diethoxy cyclohexane, 2-cyclohexyl-2-ethoxy methyl - 

1. 3- dimethoxy cyclohexane, 2-isopropyl-2-ethoxy methyl-1, 3- 
diethoxy cyclohexane, 2-isopropyl-2-ethoxy methyl-1 , 3-dimethoxy 
cyclohexane, 2-isobutyl-2-ethoxy methyl-1, 3-diethoxy cyclohexane, 
2-isobutyl-2-ethoxy methyl-1 , 3-dimethoxy cyclohexane, tris (p- 
methoxy phenyl) phosphine, methyl phenyl bis (methoxy methyl) • 
silane, diphenyl bis (methoxy methyl) silane, methyl cyclohexyl 
bis (methoxy methyl) silane, di-t-butyl bis (methoxy methyl) 
silane, cyclohexyl -t-butyl bis (methoxy methyl) silane, i-propyl- 
t-butyl bis (methoxy methyl) silane, etc. 

[0124] 

Of these, 1,3-diethers are preferably employed, and 2,2- 
diisobutyl-1, 3-dimethoxy propane, 2-isopropyl-2-isopentyl-l , 3- 
dimethoxy propane, 2 , 2-dicyclohexyl-l , 3-dimethoxy propane, 2,2- 
bis (cyclohexyl methyl ) -1 , 3-dimethoxy propane are particularly 
preferred. 

[0125] 

These polyether compounds (d) can be used in combination ^ 
of two or more. The following explains the method for preparing /2 0. 
the propylene polymers pertaining to the present invention. The 
propylene polymers pertaining to the present invention can be 
prepared by polymerizing (main polymerization) propylene in the 
presence of an olefin polymerization catalyst that is formed from 
the aforesaid [la] solid titanium catalyst component, [II] 
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organometallic catalyst component, and [III] silicon compound 
represented by the aforesaid formula (iii) or polyether compound 
(d) , or preferably in the presence of an olefin polymerization 
catalyst that is formed from the aforesaid [lb] prepolymerized 
catalyst component, [II] organometallic catalyst component, and 
[III] silicon compound (c) represented by the aforesaid formula 
(iii) or polyether compound (d) . 

[0126] 

When propylene is polymerized, a small quantity of olefins 
other than propylene or a small quantity of diene compounds may 
be placed in the polymerization system in addition to propylene. 

[0127] 

Some examples of these olefins other than propylene include 
olefins having 3 to 8 carbon atoms, such as ethylene, 1-butene, 
1-pentene, 1-hexene, 4-methyl-l-pentene, 3-methyl-l-pentene, 1- 
octene, 3-methyl-l-butene, etc. 

[0128] 

Some examples of the diene compounds include diene compounds 
having 4 to 20 carbon atoms, such as 1, 3 -butadiene, 1,3- 
pentadiene , 1,4 -pentadiene , 1,3 -hexadiene , 1,4 -hexadiene , 1,5- 
hexadiene, 4-methyl-l , 4-hexadiene, 5-methyl-l, 4-hexadiene, 6- 
methyl-1, 6-octadiene, 7-methyl-l, 6-octadiene, 6-ethyl-l, 6- 
octadiene, 6 -propyl -1, 6-octadiene, 6-butyl-l, 6-octadiene, 6- 
methyl-1, 6-nonadiene, 7-methyl-l, 6-nonadiene, 6-ethyl-l, 6- 
nonadiene, 7-ethyl-l, 6-nonadiene, 6-methyl-l , 6-decadiene, 7- 
methyl-1, 6-decadiene, 6-methyl-l, 6-undecadiene, 1, 7-octadiene, 
1 , 9-decadiene, isoprene, butadiene, ethylidene norbornene, vinyl 
norbornene, dicyclopentadiene, etc. 

[0129] 

The polymerization of propylene is usually carried out in a 
gas phase or liquid phase. When the polymerization takes the 
reaction form of a slurry polymerization or solution 
polymerization, the inactive hydrocarbons used for the 
formulation of the aforesaid prepolymerized catalyst component 
[lb] can be used here as the reaction solvent. 

[0130] 

In the polymerization system, the aforesaid solid titanium 
catalyst component [la] or prepolymerized catalyst component [lb] 
is normally used in an amount of about 0.0001 to 50 millimoles, 
preferably in an amount of about 0.001 to 10 millimoles, in terms 
of the titanium atoms in the solid titanium catalyst component 
[la] "or in the prepolymerized catalyst component [lb] , for 1 
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liter of the polymerization volume. The organometallic catalyst 
component [II] is used in such an. amount that the metal atoms of 
the organometallic catalyst component [II] are contained in the 
system usually in an amount of about 1 to 2000 moles, preferably 
about 2 to 500 moles, for 1 mole of the titanium atoms in the 
polymerization system. The silicon compound (c) or polyether 
compound (d) of [III] is used usually in an amount that is about 
0.001 to 50 moles, preferably about 0.01 to 20 moles, for 1 mole 
of the metal atoms in the organometallic catalyst component [II] . 

[0131] 

If hydrogen is used for the polymerization, the resulting 
propylene polymers have a high melt flow rate, and the molecular 
weight of the obtained propylene polymers can be adjusted by the 
amount of the incorporated hydrogen. The use of hydrogen in this 
manner does not cause the crystallinity and isotactic index of 
the propylene polymers obtained according to the present 
invention to decrease, and it does not cause the catalyst 
activity to decrease either. 

[0132] 

The propylene polymerization temperature in the present 
invention is normally in the range of -50 to 200°C or 
thereabouts, preferably in the range of 20 to 100°C or 
thereabouts, and the pressure is normally set to a pressure 
ranging from atmospheric pressure to 100 kg/cm 2 , preferably from 
2 to 50 kg/cm 2 or thereabouts. The polymerization can be carried 
out by either a batch method, semi-continuous method, or 
continuous method. 

[0133] 

By preparing a propylene polymer in this manner, the yield 
of the propylene polymer per unit amount of the solid catalyst 
components can be increased; therefore, a relative amount of the 
catalyst residue, especially of the halogen, in the propylene 
polymer can be decreased. As a consequence, it becomes possible 
to eliminate the step of removing the catalyst present in the 
propylene polymer, and, in the process of forming the obtained 
propylene polymer into molded products, the rusting of molds is 
readily prevented. 

[0134] 

The propylene polymer thus obtained contains an extremely 
small amount of amorphous components, which means that it 
contains little hydrocarbon- soluble component, and films formed 
from this propylene polymer have low surface tackiness. 
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[0135] 

The preparation of the propylene polymers of the present 
invention can be carried out in two or more stages, using 
different reaction conditions for each stage. In this case, the 
polymerization is conducted in a gas phase or liquid phase, using 
2 to 10 polymerizing vessels. 

[0136] 

When . the polymerization takes the reaction form of a slurry 
polymerization or solution polymerization, the inactive 
hydrocarbons used for the formulation of the aforesaid 
prepolymerized catalyst component [lb] can be used here as the 
reaction solvent. 

[0137] 

In this type of polymerization method, propylene is 
polymerized in at least one vessel of the aforesaid two or more 
polymerization vessels (this polymerization may be referred to as 
"polymerization A" in the following) and formed into a polymer 
whose limiting viscosity [r|] is 3 to 40 dl/g, preferably 5 to 30 
dl/g, better yet, 7 to 25 dl/g. 

[0138] 

The pentad isotacticity [M 5 ] of the boi ling-heptane- 
insoluble component of the polymer obtained by this 
polymerization A determined by NMR measurements is 0.960 to 
0.995, preferably 0.970 to 0.995, better yet, 0.980 to 0.995, but 
the best range is 0.982 to 0.995. 

[0139] 

The amount of the insoluble-in-boiling-heptane component of 
the aforesaid propylene polymer is 80 % or more, preferably, 90 % /21 
or more, better yet, 94 % or more, but 95 % or more is more 
desirable, and 96 % or more is ideal. 

[0140] 

It is preferable that the polymer obtained in said 
polymerization A is prepared such that it will occupy 0.1 to 55 
%, preferably 2 to 35 %, better yet, 5 to 30 % of the final 
propylene polymer product. 

[0141] 

When a propylene polymer is prepared using two or more 
polymerization vessels, propylene is also polymerized in the 
remaining polymerization vessels of the aforesaid two or more 
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vessels (hereinafter referred to as "polymerization B" in some 
cases) and formed into a propylene polymer that exhibits a melt 
flow rate of 0.1 to 500 g/10 minutes when it is made into a final 
product. 



In the polymerization system of said polymerization A and 
polymerization B, the aforesaid solid titanium catalyst component 
[la] or prepolymerized catalyst component [lb] is normally used 
in an amount of about 0.0001 to 50 millimoles, preferably in an 
amount of about 0.001 to 10 millimoles, in terms of the titanium 
atoms in the solid titanium catalyst component [la] or in. the 
prepolymerized catalyst component [lb] , for 1 liter of the 
polymerization volume. The organometallic catalyst component 
[II] is used in such an amount that the metal atoms of the 
organometallic catalyst component [II] are contained in the 
system usually in an amount that is about 1 to 2000 moles, 
preferably about 2 to 500 moles, for 1 mole of the titanium atoms 
in the polymerization system. The silicon compound (c) or 
polyether compound (d) of [III] is used usually about 0.001 "to 50 
moles, preferably about 0.01 to 20 moles, for 1 mole of the metal 
atoms in the organometallic catalyst component [II] . 



To any of the polymerization vessels, the solid titanium 
catalyst component [la] or prepolymerized catalyst component 
[lb], the organometallic catalyst component [II], the silicon 
compound (c) or polyether compound (d) of component [III] may be 
supplied as necessary. Furthermore, to any of the polymerization 
vessels, the electron donor used for formulating the solid 
titanium catalyst component (a) and/or the organosilicon compound 
represented by the formula (c-i) presented before may also be 
supplied as necessary. 



In both polymerization A and polymerization B, the molecular 
weight of the obtained polymer can be readily adjusted by 
supplying or eliminating hydrogen. This does not cause the 
crystallinity and isotacticity index of the propylene polymers 
obtained according to the present invention to decrease, and it 
does not cause the catalyst activity to decrease either. The 
quantity of hydrogen to be supplied varies depending on various 
conditions, but it should be an amount that achieves a melt flow 
rate ranging from 0.1 to 500 g/10 minutes for the final polymer 
product . 



[0142] 



[0143] 



[0144] 
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[0145] 

Furthermore, the value of the [M 5 ] of the component 
insoluble in boiling heptane should be 0.975 to 0.995, preferably 
0.980 to 0.995, better yet, 0.982 to 0.995, and the value of the 
[M 3 ] should be 0.0020 to 0.0050, preferably, 0.0023 to 0.0045, 
better yet, 0.0025 to 0.0040. 



[0146] 



The propylene polymerization temperature in both 
polymerization A and polymerization B is normally in the range of 
-50 to 200°C or thereabouts, preferably in the range of 20 to 
100°C or thereabouts, and the pressure is normally set to a 
pressure ranging from atmospheric pressure to 100 kg/cm 2 , 
preferably from 2 to 50 kg/cm 2 or thereabouts. The 
polymerization can be carried out by either a batch method, semi- 
continuous method, or continuous method. 



[0147] 



The propylene polymers pertaining to the present invention 
may incorporate nucleating agents described later. By 
incorporating a nucleating agent into a propylene polymer, 
crystal particles can be made finer, and the crystallization 
speed also increases, making high-speed molding possible. 

[0148] 

Various conventional nucleating agents can be employed as 
the nucleating agents here without any specific requirements. 
Particularly desirable nucleating agents are those cited in the 
following. 

[0149] [Chem. 9] 
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[0150] 



(wherein R is oxygen, sulfur, or a hydrocarbon group having 1 to 
10 carbon atoms; R s and R 3 s, which are the same or different, 
are hydrogen atoms or hydrocarbon groups having 1 to 10 carbon 
atoms, and R 2 s between themselves, R 3 s between themselves, or an 
R 2 and an R 3 may bond together to form a ring; M is a metal atom 



41 



having a valence of 1 to 3; and n is an integer from 1 to 3). 

Some specific examples include sodium-2 , 2 ' -methylene -bis (4,6-di- 
t-butyl phenyl) phosphate, sodium-2, 2 1 -ethylidene-bis (4, 6-di-t- 
butyl phenyl) phosphate, lithium-2 , 2 ' -methylene-bis (4,6-di-t- 
butyl phenyl) phosphate, lithium-2 , 2 ' -ethylidene-bis (4,6-di-t- 
butyl phenyl) phosphate, sodium-2 , 2 ' -ethylidene-bis (4-i-propyl- 
6-t-butyl phenyl) phosphate, lithium-2 , 2 1 -methylene-bis (4- 
methyl-6-t-butyl phenyl) phosphate, lithium-2 , 2 ' -methylene-bis 
(4-ethyl-6- t-butyl phenyl) phosphate, calcium-bis [2,2'-thio bis 
(4-methyl-6-t-butyl phenyl) phosphate], calcium-bis [2,2 , -thio 
bis (4-ethyl-6-t-butyl phenyl) phosphate], calcium-bis [2,2 , -thio 
bis (4, 6-di-t-butyl phenyl) phosphate], magnesium-bis [2,2'-thio 
bis (4/ 6-di-t-butyl phenyl) phosphate], magnesium-bis [2,2'-thio /22 
bis (4-t-octyl phenyl) phosphate], sodium-2 , 2 1 -butylidene-bis 
(4, 6-di-methyl phenyl) phosphate, sodium-2 , 2 ' -butylidene-bis 
(4, 6-di-t-butyl phenyl) phosphate, sodium-2 , 2 1 -t-octyl methylene- 
bis (4 , 6-di-methyl phenyl) phosphate, sodium-2 , 2 ' -t-octyl 
methylene-bis (4 , 6-di-t-butyl phenyl) phosphate, calcium-bis- 
[2 , 2 ' -methylene-bis (4, 6-di-t-butyl phenyl) phosphate], 
magnesium-bis- [2,2' -methylene-bis (4, 6-di-t-butyl phenyl) 
phosphate] , barium-bis- [2 , 2 • -methylene-bis (4 , 6-di-t-butyl 
phenyl) phosphate] , sodium-2, 2 ' -methylene-bis (4-methyl-6- t-butyl 
phenyl) phosphate, sodium-2 , 2 ' -methylene-bis (4-ethyl-6- t-butyl 
phenyl) phosphate, sodium (4 , 4 ' -dimethyl-5 , 6 ' -di-t-butyl-2 , 2 ' - 
biphenyl) phosphate, calcium-bis [ (4, 4 1 -dimethyl-6, 6 ' - t-butyl - 
2 , 2 ' -biphenyl) phosphate] , sodium-2 , 2 ' -ethylidene-bis (4-m-butyl- 
6-t-butyl phenyl) phosphate, sodium-2 , 2 ' -methylene-bis (4, 6-di- 
methyl phenyl) phosphate, sodium-2 , 2 ' -methylene-bis (4, 6-di-ethyl 
phenyl) phosphate, potassium-2 , 2 * -ethylidene-bis (4 , 6-di-t-butyl 
phenyl) phosphate, calcium-bis [2 , 2 ' -ethylidene-bis (4, 6-di-t- 
butyl phenyl) phosphate] , magnesium-bis [2,2' -ethylidene-bis 
(4, 6-di-t-butyl phenyl) phosphate], barium-bis [2 , 2 1 -ethylidene- 
bis (4, 6-di-t-butyl phenyl) phosphate], aluminum- tris [2,2*- 
methylene-bis (4 , 6-di-t-butyl phenyl) phosphate], aluminum- tris 
[2, 2 ' -ethylidene-bis (4, 6-di-t-butyl phenyl) phosphate], and 
mixtures of two or more of these, of which sodium-2 , 2 ' -methylene- 
bis (4, 6-di-t-butyl phenyl) phosphate is particularly desirable. 

[0151] [Chem. 10] 



(wherein R 4 is a hydrogen atom or hydrocarbon group having 1 to 
10 carbon atoms, M is a metal atom having a valence of 1 to 3, 
and n is an integer from 1 to 3), 
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[0152] 
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Some specific examples include sodium-bis (4-t-butyl phenyl) 
phosphate, sodium-bis (4-methyl phenyl) phosphate, sodium-bis (4- 
ethyl phenyl) phosphate, sodium-bis (4-i-propyl phenyl) 
phosphate, sodium-bis (4-t-octyl phenyl) phosphate, potassium-bis 
(4-t-butyl phenyl) phosphate, calcium-bis (4-t-butyl phenyl) 
phosphate, magnesium-bis (4-t-butyl phenyl) phosphate, lithium- 
bis (4-t-butyl phenyl) phosphate, aluminum-bis (4-t-butyl phenyl) 
phosphate, and mixtures of two or more of these, of which sodium- 
bis (4-t-butyl phenyl) phosphate is particularly desirable. 

[0153] [Chem. 11] 




OH 



[0154] 

(wherein R 5 s are hydrogen atoms or hydrocarbon groups having 1 to 
10 carbon atoms) . 

Some specific examples include 1 , 3 , 2 , 4-dibenzylidene sorbitol, 
1, 3-benzylidene-2 , 4-p-methyl benzylidene sorbitol, 1,3- 
benzylidene-2 , 4-p-ethyl benzylidene sorbitol, 1,3-p-methyl 
benzylidene-2 , 4 benzylidene sorbitol, 1,3-p-ethyl benzylidene-2 , 4 
benzylidene sorbitol, 1,3-p-methyl benzylidene-2 , 4-p-ethyl 
benzylidene sorbitol, 1,3-p-ethyl benzylidene-2 , 4-p-methyl 
benzylidene sorbitol, 1 , 3 , 2 , 4-di (p-methyl benzylidene) sorbitol, 
1 , 3 , 2 , 4-di (p-ethyl benzylidene) sorbitol, 1 , 3 , 2 , 4-di (p-n-propyl 
benzylidene) sorbitol, 1 , 3 , 2 , 4-di (p-i-propyl benzylidene) 
sorbitol, 1, 3 , 2 , 4-di (p-n-butyl benzylidene) sorbitol, 1,3,2,4- 
di(p-s-butyl benzylidene) sorbitol, 1 , 3 , 2 , 4-di (p-t-butyl 
benzylidene) sorbitol, 1, 3 , 2 , 4-di (2 ' , 4 ' -dimethyl benzylidene) 
sorbitol, 1 , 3 , 2 , 4-di (p-methoxy benzylidene) sorbitol, 1,3,2,4- 
di(p-ethoxy benzylidene) sorbitol, 1 , 3-benzylidene-2-4-p- 
chlorobenzylidene sorbitol , 1 , 3-p-chlorobenzylidene-2 , 4- 
benzylidene sorbitol, 1, 3-p-chlorobenzylidene-2 , 4-p-methyl 
benzylidene sorbitol, 1, 3-p-chlorobenzylidene-2 , 4-p-ethyl 
benzylidene sorbitol, 1,3-p-methyl benzylidene-2 , 4-p- 
chlorobenzylidene sorbitol, 1,3-p-ethyl benzylidene-2 , 4-p- 
chlorobenzylidene sorbitol, 1,3,2, 4-di (p-chlorobenzylidene). 
sorbitol, and mixtures of two or more of these, of which 1,3,2,4- 
dibenzylidene sorbitol, 1 , 3 , 2 , 4-di (p-methyl benzylidene) /23 
sorbitol, 1 , 3 , 2 , 4-di (p-ethyl benzylidene) sorbitol, 1,3-p- 
chlorobenzylidene-2 , 4-p-methyl benzylidene sorbitol, 1,3,2,4- 
di (p-chlorobenzylidene) sorbitol, and mixtures of two or more of 
these are particularly desirable. 
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[0155] 

Cited as other nucleating agents that can be employed in the 
present invention are aromatic carboxylic acids and aliphatic 
carboxylic acids, and some concrete examples of these include 
aluminum benzoate, aluminum-p-t-butyl benzoate, sodium adipate, 
sodium thiophenecarboxylate, sodium pyrrole carboxylate, and so 
forth. 

[0156] 

In addition, inorganic compounds, such as talc, which will 
be discussed later, can also be cited here. In the propylene 
polymers of the present invention, it is preferred that the 
aforesaid nucleating agents are incorporated in an amount of 
0.001 to 10 parts, preferably 0.01 to 5 parts, better yet, 0.1 to 
3 parts by weight for 100 parts by weight of the aforesaid 
propylene polymers. 

[0157] 

By incorporating the nucleating agents into the propylene 
polymers in the aforesaid quantity range, the propylene polymers 
having finer crystal particles and higher crystallinity can be 
obtained without adversely affecting the excellent intrinsic 
characteristics that the propylene polymers possess. 

[0158] 

The propylene polymers of the present invention can contain 
rubber components for the purpose of improving its impact 
strength or can incorporate heat stabilizers, weathering 
stabilizers, antistatic agents, slipping agents, anti-blocking 
agents, ant i- fogging agents, lubricants, dyes, pigments, natural 
oils, synthetic oils, wax, etc., and these are incorporated in 
appropriate quantities. 

[0159] 

It is also possible to incorporate such fillers as those 
listed in the following into the propylene polymers in such a 
range that they do not adversely affect the objectives of the^ 
present invention: silica, diatom earth, alumina, titanium oxide, 
magnesium oxide, pumice powder, pumice balloon, aluminum 
hydroxide, magnesium hydroxide, basic magnesium carbonate, 
dolomite, calcium sulfate, potassium titanate, barium sulfate, 
calcium sulfite, talc, clay, mica, asbestos, glass fibers, glass 
flakes, glass beads, calcium silicate, montmorillonite, 
bentonite, graphite, aluminum powder, molybdenum sulfide, boron 
fibers, silicon carbide fibers, polyethylene fibers, 
polypropylene fibers, polyester fibers, polyamide fibers, etc. 
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[0160] 

The propylene polymers thus obtained according to the 
present invention can be utilized with no specific limitations in 
any fields in which prior-art polypropylenes have been used, but 
they are particularly suitable for such- applications as 
extrusion-molded sheets, non-stretched films, stretched films, 
filaments, injection-molded products, blow-molded products, etc. 

[0161] 

The shapes and the product types of extrusion-molded 
products fabricated from the propylene polymers of the present 
invention are not limited in any way, and they can be made into, 
for example, sheets, films (non-stretched films) , pipes, hoses, 
electric wire sheathing, filaments, etc., but these propylene 
polymers are particularly ideal as sheets, films (non-stretched 
films) , filaments, and so forth. 

[0162] 

To mold sheets, films (non-stretched films), etc., by 
extrusion from the propylene polymers of the present invention, 
any conventional extrusion apparatuses can be employed. These 
molded products can be fabricated by extruding a melted propylene 
polymer through T dies, etc., using, for example, a single screw 
extruder, compounding extruder, ram extruder, gear extruder, etc. 
As for the molding conditions, conditions that have been in use 
in the prior art can also be employed here. 

[0163] 

Extrusion-molded sheets and films (non-stretched films) thus 
obtained have excellent rigidity and heat resistance and also 
have excellent moisture resistance. Stretched films can be 
prepared from the aforesaid sheets or films comprised of the 
propylene polymers, using conventional drawing apparatuses, and a 
tenter method (length-to-width stretching, width- to- length 
stretching) , a simultaneous biaxial stretching method, uniaxial 
stretching method, etc., can be used here. The draw ratio of 
stretched films is preferably 20 to 70 times for biaxially 
stretched films and 2 to 10 times for uniaxially stretched films. 
The thickness of stretched films is preferably 5 to 200 /zm. 

[0164] 

Stretched films thus obtained have excellent rigidity and 
heat resistance and also have excellent moisture resistance. It 
is also possible to fabricate inflation films from the propylene 
polymers of the present invention. 
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[0165] 

Sheets, non-stretched films, and stretched films that are 
formed from the propylene polymers of the present invention 
exhibit an excellent heat resistance, transparency, show- through 
property, luster, rigidity, moisture resistance, gas-barrier 
property, etc.; therefore, they can be widely used as packaging 
films, etc. Because they have particularly superior moisture 
resistance, they are ideal for press through packs, which are 
used for packaging pharmaceutical tablets, capsules, and the 
like . 

[0166] 

Filaments composed of the propylene polymers of the present 
invention can be prepared, for example, by extruding melted 
propylene polymers through spinning nozzles. The filaments thus 
obtained may be further subjected to stretching. This stretching 
should be implemented to such a degree that a molecular 
orientation in at least one axial direction is imparted 
effectively to the propylene polymers, and the draw ratio is 
preferably 5 to 10 times. 

[0167] 

These filaments have excellent rigidity and heat resistance. 
Injection-molded products composed of the propylene polymers of 
the present invention can be formed by conventional injection- 
molding apparatuses. As for the molding conditions, conditions 
that have been in use in the prior art can also be employed here. 
The injection-molded products thus obtained have excellent 
rigidity, heat resistance, impact resistance, surface luster, 
chemical resistance, wear resistance, etc., and they find wide 
applications as trimming materials for automobile interiors, 
automobile exterior materials, housing for household electrical 
appliances, containers, and so forth. 

[0168] 

Blow-molded products composed of the propylene polymers of 
the present invention can be formed by conventional 

blow-molding apparatuses. As for the molding conditions, 12A 
conditions that have been in use in the prior art can also be 
employed here. In the case of extrusion-blow-molding, for 
example, the aforesaid propylene polymers in a melted condition 
at a resin temperature of 100°C to 300°C is extruded from a die, 
thereby obtaining a tubular parison, and the parison is then held 
inside the mold that has the shape to be imparted to the parison, 
after which air is blown into the parison to fit it to the mold 
at a resin temperature of 130°C to 300°C, thereby obtaining a 
hollow molded product. The draw ratio is preferably 1.5 to 5 
times in the lateral direction. 
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. [0169] 

In the case of injection-blow-molding, the aforesaid 
propylene polymers at a resin temperature of 100°C to 300°C are 
injected into a mold to form a parison, and the parison is then 
held inside the mold that has the shape to be imparted to the 
parison, after which air is blown into the parison to fit it to 
the mold at a resin temperature of 120°C to 300°C, thereby 
obtaining a hollow molded product. The draw ratio is preferably 
1.1 to 1.8 times in the vertical direction and 1.3 to 2.5 in the 
lateral direction . 

[0170] 

Blow-molded products thus obtained have excellent rigidity 
and heat resistance and also have excellent moisture resistance. 
The propylene polymers of the present invention can be used as 
base material in a method (mo Id- stamping method) that press-molds 
a surface material and base material simultaneously to integrate 
both into a composite product. Formed products of mold stamping 
obtained according to this molding method are ideal as automobile 
interior materials for door trims, rear package trims, seat back 
garnishes, instrument panels, etc. 

[0171] 

Mold-stamped products thus obtained have excellent rigidity 
and heat resistance. 

[0172] [Effects of the Invention] 

The propylene polymers pertaining to the present invention 
have an insoluble-in-boiling-heptane component with high 
crystallinity and high stereo regularity and also have long meso 
chains; therefore, they have excellent rigidity and heat 
resistance as well as moisture resistance. 

[0173] [Working Examples] 

The following explains the present invention in further 
detail, referring to working examples, but the present invention 
is not limited to these working examples. 

[0174] [Working Example 1] 

[Formulation of solid titanium catalyst component (A) ] 

A mixture of 95.2 g of anhydrous magnesium chloride, 442 ml 
of decane, and 390.6 g of 2 -ethyl hexyl alcohol was heated at 
13 0°C for 2 hours to form a homogeneous solution. To the 
solution was added 21.3 g of phthalic anhydride, and the mixture 
was stirred at 130°C for 1 hour to dissolve the phthalic 



47 



anhydride. After the resulting homogeneous solution was cooled 
to room temperature, 75 ml of this solution was added drop by 
drop over a course of 1 hour to 200 ml of titanium tetrachloride 
kept at -20°C. After the addition was completed, the temperature 
of the resulting mixture was elevated to 110°C over a course of 4 
hours. When the temperature reached 110 °C, 5.22 g of diisobutyl 
phthalate (DIBP) was added to the solution, after which the 
solution was stirred for 2 hours at the same temperature. After 
the 2-hour reaction was ended, a solid portion was collected by 
hot filtration. This solid portion was resuspended in 275 ml of 
titanium tetrachloride, and the suspension was subsequently 
heated again at 110°C for 2 hours for a reaction. After the 
reaction was over, a solid portion was again separated by hot 
filtration and washed thoroughly with decane and hexane at 110 °C 
until no free titanium compound could be detected in the 
solution. The solid titanium catalyst component (A) obtained by 
the aforesaid process was stored in the form of a decane slurry, 
but a part of it was dried for the purpose of examining the 
catalyst composition. The solid titanium catalyst component (A) 
thus obtained had a composition comprised of 2 . 4 % by weight of 
titanium, 60 % by weight of chloride, 20 % by weight of 
magnesium, and 13.0 % by weight of DIBP. 

[0175] 

[Prepolymerization of solid titanium catalyst component (A) ] 

Into a 2 -liter autoclave equipped with a stirrer were 
charged 500 ml of refined hexane, 57.5 g of 3 -methyl- 1-butene, 50 
millimoles of triethyl aluminum, 50 millimoles of trimethyl 
methoxy silane, and 5.0 millimoles, in terms of titanium atoms, 
of the aforesaid solid titanium catalyst component (A) in a 
nitrogen atmosphere, and they were reacted for 2 hours. The 
polymerization temperature was maintained at 20°C. 

[0176] 

After the completion of the reaction, the reactor was purged 
with nitrogen, and a washing operation consisting of the removal 
of a supernatant and the addition of refined hexane was carried 
out three times to obtain a prepolymerized catalyst, which was ^ 
resuspended in refined hexane, and all of the obtained suspension 
was transferred into a catalyst bottle; thus, the prepolymerized 
catalyst (B) was obtained. For 1 g of the solid titanium 
catalyst component (A), 5.7 g of poly 3 -methyl -1-butene was 
formed. 

[0177] [Polymerization] 

Into a 2-liter-capacity autoclave was introduced 750 ml of 
refined n-hexane, and further introduced to it at 60°C in a 
propylene atmosphere were 0.75 millimoles of triethyl aluminum, 
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0.75 millimoles of dicyclopentyl dimethoxy silane (DCPMS), and 
0.015 millimoles-Ti , in terms of titanium atoms, of the 
prepolymerized catalyst (B) . 

[0178] 

After 12 00 ml of hydrogen was introduced to the autoclave 
and the reaction system was heated to 70°C / the system was 
maintained in this condition for 2 hours to polymerize propylene. 
The pressure during the polymerization was maintained at 7 
kg/cm 2 -G. After the polymerization, the slurry that contained 
the solid product was filtered, thereby separating it into white 
powder and a liquid portion. The yield of the white powder 
polymer after it was dried was 303.2 g, its MFR was 12.5 g/10 
minutes, and its apparent bulk specific gravity was 0.45 g/ml . 
The percentage of the insoluble- in-boiling heptane component in 
the powder obtained by dissolving the obtained white powder in 
decane and subsequently by cooling the solution gradually was 
9 6.9 %, and the crystallinity of the insoluble- in- boiling- 
heptane component was 71.0 %. 

[0179] 

Meanwhile, by concentrating the liquid portion, 2.0 g of a 
solvent-soluble polymer was obtained. Therefore, the activity 
•was 20 , 3 00g-PP/mM-Ti, and the percentage of the insoluble-in- 
boiling-heptane component as a whole was 96.3 %. The results are 
shown in Table 1 . 

[0180] [Working Example 2] 

A polymerization was carried out in the same manner as in 
Working Example 1, except that the polymerization temperature was 
changed to 80°C. The results are shown in Table 1. 

[0181] [Working Example 3] 

A polymerization was carried out in the same manner as in 
Working Example 1, except that the polymerization temperature was 
changed to 90°C. The results are shown in Table 1. 

[0182] [Working Example 4] 

[Polymerization] 

Into a 2-liter-capacity autoclave were introduced 500 g of 
propylene and 6 liters of hydrogen, and the reaction system was 
heated to 60°C, after which 0.6 millimoles of triethyl aluminum, 
0.6 millimoles of dicyclopentyl dimethoxy silane (DCPMS), and 
0.006 millimoles-Ti, in terms of titanium atoms, of the 
prepolymerized catalyst (B) were introduced into the system. 
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[0183] 



After the temperature of the system was raised to 70°C, this 
condition was maintained for 40 minutes to polymerize propylene. 
The reaction was stopped by adding a small amount of ethanol, and 
the pressure was brought down by releasing the non-reacted 
propylene. Thereafter, the white-powder- form polymer was dried 
under a reduced pressure. The polymerization results are shown 
in Table 1 . 

[0184] [Working Example 5] 

A polymerization was carried out in the same manner as in 
Working Example 4, except that the polymerization temperature was 
changed to 80°C. The results are shown in Table 1. 

[0185] [Comparative Example 1] 

A polymerization was carried out in the same manner as in 
Working Example 1, except that, in place of DCPMS, 0.075 
millimoles of cyclopentyl methyl dimethoxy silane was used, and 
that 500 ml of hydrogen was added. The results are shown in 
Table 1. 

[0186] [Comparative Example 2] 

A polymerization was carried out in the same manner as in 
Working Example 1, except that, in the place of DCPMS, 0.07 5 
millimoles of diphenyl dimethoxy silane was used and that 700 ml 
of hydrogen was added. The results are shown in Table 1. 

[0187] [Comparative Example 3] 

[Formulation of solid titanium catalyst component (C) ] 

Into 500 ml of n-hexane and 0.5 moles of diethyl aluminum 
chloride was added 1.2 moles of diisoamyl ether drop by drop for 
2 minutes at 25°C, and the mixture was reacted for 10 minutes. 

[0188] 

To a 2-liter reactor that had undergone a nitrogen 
replacement, 4.0 moles of titanium tetrachloride was added, and 
the system was heated to 3 5°C. Thereafter, the aforesaid 
reaction solution was added drop by drop to the system over the 
course of 3 hours, after which the system was kept at the same 
temperature for 30 more minutes. Then, the system was heated to 
75°C and reacted for one more hour. The system was cooled to 
room temperature, and the supernatant was removed. This was 
followed by the addition of 1 liter of hexane, thereby washing 
the formed solid. This washing procedure was repeated three more 
times . 
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[0189] 

One hundred grams of the obtained solid was suspended in 2 
liters of n-hexane, to which 80 g of 20°C-diisoamyl ether and 180 
g of titanium tetrachloride were added at room temperature within 
one minute. The mixture was then reacted at 65°C for 1 hour. 
After the reaction was over, the system was cooled to room 
temperature, and the supernatant was eliminated by decantation. 
This was followed by the addition of 2 liters of hexane, thereby 
washing the generated solid. Thereafter, this washing procedure 
was repeated 3 times, thereby obtaining a solid titanium catalyst 
component (C) . 

[0190] 

[Prepolymerization of solid titanium catalyst component (C) ] 

Into a 2-liter autoclave equipped with a stirrer were 
charged 1 liter of refined hexane, 3 0 millimoles of diethyl 
aluminum chloride, and 3 g of the aforesaid solid titanium 
catalyst component (C) in a nitrogen atmosphere, after which 2 
liters of hydrogen was added. Propylene was then supplied to the 
reactor and prepolymerized for 5 minutes. The pressure during 
the reaction was maintained at 5 kg/cm 2 -G. 

[0191] 

After the reaction was completed, the non-reacted propylene 
and hydrogen were eliminated, and the reactor was purged with 
nitrogen. A washing procedure consisting of the elimination of a 
supernatant and the addition of refined hexane was repeated three 
times, thereby obtaining a prepolymerized catalyst (D) . The 
prepolymerized catalyst (D) was resuspended in refined decane and 
stored. 

[0192] [Polymerization] 

Into a 2-liter-capacity autoclave equipped with a stirrer 
was introduced 750 ml of refined n-hexane, and further introduced 
to it at 60°C in a propylene atmosphere were 0.75 millimoles of 
diethyl aluminum chloride, 0.7 5 millimoles of methyl p-toluate, 
and 1.1 g of the prepolymerized catalyst (D) . 

[0193] 

After 8 liters of hydrogen was introduced to the autoclave 
and the reaction system was heated to 7 0°C, the system was 
maintained at this temperature for 4 hours to polymerize the 
propylene. The pressure during the polymerization was maintained 
at 7 kg/cm 2 -G. After the polymerization was finished, 200 ml of 
methanol was added to the system, and the temperature was raised 
to 80 °C. Thirty minutes afterwards, 1 ml of a 20 % aqueous 
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solution of sodium hydroxide was added, and the pressure was 
released. 

[0194] 

After the water phase was removed, 3 00 ml of deionized water 
was added, and washing with water was carried out for 20 minutes, 
after which the water phase was extracted. Then, the hexane 
slurry was filtered, washed, and dried, thereby obtaining 
polypropylene powder. The results are shown in Table 1. 

[0195] [Table 1] 



TABLE 1 





(O *» 


MFR 












(e) 










(d) 


(f) 




[Mt] 


[Ha] 






g /ml 










4*} 


20,300 


12.5 


0.45 


96.3 


75.0 


0.992 


0.0027 




25,300 


21.2 


0.42 


96.5 


78.5 


0.994 


0.0025 


mmmz 


25,500 


33.4 


0.40 


96.9 


79.3 


0.995 


0.0025 




17,200 


16.0 


0.47 


96.2 


74.8 


0.992 


0.0029 




22,700 


23.5 


0.40 


96.6 


78.9 


0.994 


0.0026 


jttMi i 


19,300 


11.0 


0.45 


90.0 


65.3 


0.965 


0.0036 




20,000 


13.6 


0.45 


90.9 


65.0 


0.966 


0.0036 


itnm 3 


1,000 


16.0 


0.35 


92.5 


58.5 


0.980 


0.0017 



i^ey: a; worKing example; b) comparative example; c) activity; a) 
10 minutes; e) bulk specific gravity; f) percentage of component 
insoluble in boiling heptane, % by weight; g) portion insoluble 
in boiling heptane; h) crystallinity . 

[Brief Explanation of the Figures] 

[Figure 1] An explanatory drawing that illustrates a 
process of formulating an olefin polymerization catalyst employed 
in the preparation of propylene polymers pertaining to the 
present invention . 

[Figure 2] An explanatory drawing that illustrates a 
process of formulating an olefin polymerization catalyst employed 
in the preparation of propylene polymers pertaining to the 
present invention . 
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[FIGURE 1] 

Key: A) transition metal catalyst component ; B) organometallic 
catalyst component; C) third component; a) titanium compound; b) 
magnesium compound; c) electron donor; d) organoaluminum 
compound; e) (R a is a secondary or tertiary hydrocarbon atom, and 
R b is a hydrocarbon atom having 1 to 4 carbon atoms); f) 
polyether compound; g) propylene. 

[FIGURE 2] 

Key: A) transition metal catalyst component; B) organometallic 
catalyst component; C) third component; a) titanium compound; b) 
magnesium compound; c) electron donor; d) organoaluminum 
compound; e) (R a is a secondary or tertiary hydrocarbon atom, and 
R b is a hydrocarbon atom having 1 to 4 carbon atoms) ; f ) 
polyether compound; g) prepolymerization; h) olefin, such as 3- 
methyl-l-butene, etc.; i) main polymerization; j) propylene. 
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[ P Duorii] + [ P mrmrDt [ P mr r r] t [ P rmr r] i [ P rmnir] + C P r r r r ]. 

[M, ] = : 

CPw] 

- (2) 

[Pawn] : -f P \f V Lfc i § C, ^ ^ ~j ~1 

T»* tlfiM**^* 7n f U i/*ft 5 ££+©£ 3 MS © 

[Pnrmr] : h°U>J£tfc£ -I tILfct IK, -J — ' — j — | 

Tr?F 3 ft 5 -T * -f a £ U > IMfc 5 £<H * ©$ 3 @ © 

[Purrr] : 7 n h' U -J "P^Lfci *C» '—I — ' -j -j 

"C* $ ft * *>t*W-r * -f a tf U > i&tt 5 * ©$ 3 #<fe S © 

y *;i/*icfi***iM)iaie-e* *? > 

[Prmrr] : fu fc'P >J&tt* -J -C&Lfci ft e, -j -j 

-rj^ * ft 5 * it** * * "f a hT l< >4Mflt 5 «P ©£ 3 *tt I © 

CP rmmr] : U >i£<fc£ — ' Tf^ Lfci * lc\ — j — ' -I -j 

-Cm 3 ft S«i££3i * Z -f d t° U 5 Xtt*f> O* 3 JIMfc g © 

[Prrrr] : ^PtU>f&* -I T^LfciSi:, — ' -j -j 

[Pw] : ?u\t U>#fi©y ^^*tA*+&«iR3lt«-C**o ) o 

[0 0 2 5] ±I25C (2) «f, [Paara] . [Para r] tt, 7n tfl^Jjifcafc^McfcttS 5fi©»«-TS 
r] . [Parrr] , [Prarr] , [Praar] . [Prrr 50 7a£U>%.&<D* i ?)l>&(D5?>. 3 fUHR—Sti). 2 
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15 



t3_hffi (2) ICctO^*^tl^it#SJBlJttmS [M 9 ] 
SOUTHS. 

[0 0 2 6] *5gW©7*atrix>«£<m, 

}f@ [Mi] ©ffij&to. 9 7 0~0. 9 9 5©tBBfc& 
D. »Ji^^>^»*»«>±feC (2) »CJ:D*J&6 10 

n*ft#:#Rittigg [m.] ©e**o. o o 2 o~o. 0 

0 5 0©«HK**fc»«»Tfi^;<V8« (a-*? 1 
[0 0 2 7] HKfctf'J^aei^Bu 5t#«an«§« 

[M»] ©«***;* ^tf^VgJgj&tgVi. bifcUtfc* 

ftft on 

_J 1 — J — I - — I — I — i 

m m r m r r 



16 



ftaitttBS [Ms] ©n^ear*^, iL&mmm 
m [Mi] ©e*t#«ic/h*^«^t», iL&masmm 
s [m 6 ] <D®.tfimmv-v$>ti\$*.#mw&m& 

[Ms] ©{t*^*^*^V»«* t fi<&««^J5<& 

[0028] fci*ifTefcj*-r.fc5fc*tit w) &*r 
•tzxvfaMwts »jfi (a) s^rrsjpu^ot: 
v>tsit«-r*t. m. mm&trrzmm w> 
sns^'j^Pti^^tt, m, fcitswbfcvMitjs 

(a) T^snstfU^obfi^tcifc^&v^Vj^gs 
*rbTV>*. <fc«UTK!IHfi W) . ISig (a) ti. 
v»-rnt) 100 3#^©yatfk>¥fi:*»6ft*fe©i 
r*. ) 

[0 029] 
Mfc4] 



M, titii 



1 ' ' 

r r m 



_J . 
m ■ 



■ m 



(a) 



m 



m 



m 



1 



[0 0 3 0] ±e«jg w> r^ns^UT'Dtrw^ 

©ftfWBMttftg [Ms] ©fili0.9 8 6T&D. ±E 
[Ms] ©ttttO. 9 8 filjg <-f ) Tf^Sn* 

m?u\£.v>%*xmi& (n) T?^sn«#u^Dtr 
^©Stfwmjtttte [m 5 ] ©««, KK*tv»«T 
&*. m> «jgsrr*«jfi w> -e* 

ts.KM& (a) T*3n-6#«jyntrk>Ttt, 
«ic-&*ns^aifV'>mfictt. 5 ornate 

5. ffc*>1>> [Ms] ©fitffta&T;*: 

n©r (raceao) -C^Sn«*ifi©S«^*<S»T/h$< 
fc-5©T« r (raceno) T*5*n£*Bi5a*l t i*UT#fc 

f stfu^Ptri^ (m, MiSi&«-rsj|fj^Dt!w 

» tt, r (race«o) T3K3n5«lig##ffcLT#ttr 
5#'J^aei/> (Mi «jg£^b>i^3}tU^nifl^ 

[0 0 3 1] *»9J©:/n ±B«£ 
tt£ [Ms] ©fi**0. 9 7 0-0. 9 9 5©«Hfcfc 517 



m • 



m 



I 



I .... 



m 



m 



0. vm'\-79>*®tft#<D&.#mm&tem [Mi] © 

ffijj«0.0 02 0~0.0 05 0©l5fflfc:&*. £©«fc5 

fc«£«#t-s#$giH©:/D if aa»£ 
otham*. «3fe©jeifieatt#u^oifw>icH;'<T 

[0 0 3 2] £43, *»^:/*>*8jfc#©5M«aJl!ltt 
»g [Mi] ©«#, 0.0 0 2 0-0. 005 0©<6H 

KT©«t5tL/TBi»3n*. "r35:t)*> £#£S#1 
'Jy^ffl77Xnl:. a^#tt»3g« 2,6->? tert- 
-fJ-H-A-tJ-iV 7x/ — ;P 2 Orag, > 5 0 0 

mi sxn, 1 4 5'c©ttf&±Ti)n««g»a*s. 

m»T2 3t©*fSJ:T?8I^IW«^-r-5. «ffflbfcfi-& 
ft: (2 3 "C5r;& S:^tJn-x*>l8a»c*C- 
4 (*fc»G-2) ©y^X7^J^-T»iS»»L, U 
£EftiSUfc«, 1 . 5 g & 6 UBfiU:^^ >S 

>*mm*\t> a^8oaax«±, »*k»9o 

£b<«9 5fifi^£(±. *$IZff*L<li9 6Sfi«m 
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18 



Tgmsn* *>©•?&*. 

[0 0 3 3] *8Wfc:feV>T:/n^>ffi£#©fcI8/\ 
7**>*8&#©NMRSIi£tt, fctA«^©<fc-5tU 
Tfrfcft*. "Tfeb-fe, E*8fc#0.3 5gfc'vH>- 
j?DD^i>I>2. Oml 21©$ 
ifcfc^X?^*- (G2) Ttt»bfcft, fi*JS5fc 
^>-tf>0. 5ml rtglOmmONMRfa 
-7fcgAT*. ■eUTB*« : P»GX- 5 0 OSINM JO 
R8l£8»SffiK 1 2 OXrr i »C-NMRjj|}gfc?T 
5. S^C@»tt. 1 0, OOO0£U£f$. ttftiRRI 

ttraes cm.] [m«] ©fitt, ±ea^^±oT 

[0 0 3 4] #8Wfc$*:/ntfk>fi^#:©»K^:/ 

H*C = CH~X - ( i ) HiC 



[0 0 3 5] fcftfcgtt, £©<k5i::UT«l£3n*. 

f fcfc>5, 1 8 0X:O)tnl£l3tJ&m\ZX&-£ 1mm 

©fc«fcfiEffi2bfc&, tftefczmUTft&TV^-h 
£#V>. 8¥«« «*) Sn-^-7ks»^^ RU3 

o offi£gBfcfflv>T8jrr*;rttc.*Dife£sn-5 

(Ul»5 0kV. 2 5 0mA). d©B©i«^tbT 

[0 0 3 6] *5EWfc«*^Di;U>S^mi, T«25£ 
(i) (ID •C«Sn5ft^fe^6g|JSSn<5«t 

t 0~1 0 0 0 0 p pm. 
Klil00~5000pp m©*5H©ST^WLT^i 

[0 0 3 7] 
MIS5] 

= CH-CH 2 -X - 00 



R* 



[0 0 3 8] ±I35£ (1) »£i5V»T, XTjtfSttfci'? 

[0 0 3 9] ±Ej£ (1) Sfcfct (ii) fcfc^T, 
R 1 , R 1 fcitfR* TfzR*n-S^flI**StLTtt. 

x?a-£, t^ome. zr^-jmuaoyji 

[0 0 4 0] CfciSfc-hEi*: (1) S&tt (11) T?^ 

l-^>r>. 4-*?Mt^l-'V*-fe>. 4,4->>;<? 1 ;V-l-'\ 
*-fe>, 4,4-i>^^Jl-l-^>x>, 4-X?S>P-l-'\*-fc 

>. s-x^u-i-^-tx 7U;k^-7^w>. 7>j;i/ 

y^*JW->, X^>, S^yAo^l/J*. bfx;W 
7UJPh;PX>m. 7U**5H£>. \* 
^{'□aWX tfr^^no^x Vfx;i/^ 



£n5©*t>TMi3-;<3\>l-l-7>X 3-/^;i- 
l-^>7 X 3-X9 1 ;U-l-'\^-fe>, tfx;i^O'\* 

UT^<5rt*<J;0»*U<, 3-/^;l-l-7»££ 

[0 0 4 1] Sfc*58Wfc«^7"DtrW>tt^m4, 7 

85KR4 ~2 0 ©i>XMt&&^&BfS3n$ffidUii{£ 

[0 0 4 2] £©«fc5fcTOtiV'>fi£##, 7*DtfV 
>Kft©*/T-j£#£4>M^/WT<&, ±82A#* 

[Me] ©e*£tfft#&juj&ft@ [M>] ©« 

fc£JSWK#«&#*.$t>©TttfcK f (vej^feAA 
[0 0 4 3] *%g)jl;:&5 7P bf 8ft 
*S0.900~0.9 36g/cm', ff«l/<ao.9 1 
0~0. 9 3 6 g/cm» Q>1fm\Z&Z>Z.t.tm$L\s 
£fc#52$C«S7ol^>2£{rCtt. 2 3*Cx 
% >»IiS&#gtt, 3 . 0 X&T, «F* K tt 2 . 5 %&L 
T. «tDffSL<«2. OXETF, «ffc(ff*Kttl.5 
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19 



20 



[0 0 4 4] fcfc, 7a\Zl'>m-&&<D2 3X: i ri]>*l 

awm&m u v V)voyy7,n\z. m&mm3 g» 

2.6-5? tert-^JW-4-^^;P7x/— ;i/2 Omg, n- 
> 5 0 0 ml &An. 1 4 5*C©tt?§±T?lin*fc»ft|! 
Stt*. S£#tt*W8#bfc& «8I$|B|jW*T££ 
STfcUU tt^T2 3'C©*IS±T8l^lfflfiy$-r*. 
«f Hi l,fc«£#£. U V-S^tfo-x* 

££G-4 (£fcttG-2) »^5X7-fJ^-Taifi^« 
•T-5. #5ttfc«i££l OmmHg, 1 5 0*Ct?. ffifi 

[0 0 4 5] *«WK«*^ntfu>m^«tc!>»B^ 

9>*mm<o 1 3 s'c-cADiiiteafl^fiigti, 5 0 o# 

0 0#£TF. ±0»iKti8fl# 
&T» «ftffSl/<»7 OgWefcS-fctfSiil' 

[0046] fc*5. 7d K 1/ >S"&«:©»B^^ ^ 

sfflv»T, 1 3 6tc*»t-6±ea^o»«'\^> 

u 5fij»s*^»«»a©5oxfcg-rssTcirrsiQ 

J [0047] ##9Jfc#*:/n if i^>ffi£«**ctt, 
ty ^7?>*®^aWt£to&{m&to&\z> 4 51c 
«T. ff*Ktt4 3 < C»T. *D»iU<»4 0'C« 

H,C = CH-X - ( i ) HjC 



20 



< [0 0 4 8] If W>fiS#©l 3 5*0 

©5 i *u>«i'TSi«^nsaiR«!« [»?] i*. a«3o 

-0.0 0 ldl/g, 0~0. 0 ldl/g, 

»fc»*b<tt8~0. 0 5dl/gO«Htfc*rt*t 

HSU*. tHV^^'v ■ 

[0 0 4 9] z:<»&5K*m\z%Z7aky%/m4i<^Mi 

(a) t, [II] W«&JPi«a«j£# (b) 



io t. [in] rea (no T^snsfWisHfc^i 



( c ) *fc»«»eDM?fe^UT#6E-r* 2 fi£U©X 

-5r;ne^s^rr*it-&« (d) t 

R'.St (OR k ) 4-. ••• (ill) 

nlil, 2Sfctt3TNfet>, n#l©i#, R 
• tt2»*£tt3«©&fc*3SgTN&0. n*t2£fctt 
3©££» R« ©^ft<t'6>l^H:2»*fctt3«©^ 
-fbJcjJiSTf&D, R' T?&oTfeKfc-3TWrt> 
«fc<, R" tt£&«l~4©#ft2K3li&T&oT, 4- 
n#2 8;fc»3T?&$fc£, R k ttH—Tfc'9?feJl& 

©#*ETfc. «F*Ktt [I b] V**^*, 

(b) £©#«TK:, TEat (i) *fc« (ii) T«a 

[0 0 50] 
Ht6] 

= CH-CH 2 -X 



(ii) 



R 1 
I 

(Sit, Xttf*0 7>U*^£> T'J-VUS^fctt — M— R 1 

R * 



[0 0 5 1] [in Gm&mmm&ft (b) t. [ii 
i] ±835* (no TTKan-s^Sifls^tt (c) 

«»©IgTfe^UT^Ffi-r-5 2fl«±©X^;H§^* 

(d) t«>6»*an**u^^>«'&n 

[0 0 5 2] g|l*A:r;H2C*»«t«SS^Ptfk> 

a^©fijfifc«ifflsn*^W7^ >ss»t8©w«i 



59 



[0 0 5 3] Sfttt? 1 * (a) tt, TIB©* 

fc? 1 * (a) ©ISKKJBH ZtlZ^f >fc£ 

[0 0 5 4] Ti(OR) .X«-« 
0, gt£0£g£4-?&«. ) 
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U % TiBr<, Til< ^if<0rh7ADy>ft;^>; 7x;t^ftV^^A, *^7xy>*->i&fcV 

Ti(OCH«)Cli, Ti(OC>H 6 )CU, Ti(Ou-C<H ^*>^A<D«fc5fc7U n^V^^AA?-* H . , 
9 )Ch, Ti(OCiH 6 )Brs, Ti(0-iso-C< HOBrs ^^£P±k^if^>^A. ^fV^n^>7^y^A, p^Hf 
&£<0hUAny>fc7;ici*^^>; Ti(OCHt)^^ Zf h A* n-*2 h*^if*zsV&, 2-j 
iCIj, TUOCaHshCli, Ti (On-C< H 9 )i Cli, ^ X^^*V*^^^AO*5^7;^^>V^j 
Ti(OCxH 6 )2Brj ft^^ADy^yr^t^ 
m> ; Ti(OCH 8 )»CK Ti(OC*H 6 )iCh Ti 
<On-C<H9)tCK Ti(OCaH B )aBr &£C0^/AD 
Y>itbV7)l>U*>>?#> ; Ti(OCHa)4, Ti(0 Iff 



u 



>'Vy*S^A©.fc5fc7Un*^y*V'>A ; 5f | 

& v y* a©#;w* ^sey^r * c: t *tr 



[0 0 5 9] ^ineBTntt&WUaViV^v^A'fci 

±^u&s^cttSr=rrs-7^>'e'Afl;^*^ 
7 x^pga* /\u>f> ttrr)V5i-*>kK&im* 7^3 



20 -;k 




CjHs)*. Ti(On-C«H 9 )4, TKO-lso-C4H 9 )4, 
Ti (O-Z-X^J^M^JW* UZOt- byTJlttzs 4 ? 

9 yts. £&«j*-rs z. tares* 
[0 0 5 5] cn&©+T^ny>^^r^>ft-&« 

tf*ff£U<. SSfc^l-^AnyMb^^aiffSb 

[oo5 6] ^«^>«tfi^ (a) omxkjbi* 

[0 0 5 7] CC-pSTCttS^-SV^^Aft^tfe 
tl/Ttt, fct^Ji^^^A-M^ife^SVJtt^ 

A. ^x^v^->^A, y^nm^^A. 50 

•7y*5">A, yixWl^ft^l^^A, b ^;i4afl: 
vy*->?A, *^;i^fl;vy*$^A, 75Ji4flft; 

^^^->^a,^^;vw*^^aEn^2±B* * 



[0 0 6 0] fcis, #§8fflfc:fev>T, TS^ffrAfc^ 

<»« ±e<z>jS7ctt&=rr« v y*s"> A{b£4&fc<fctfj§ 

^ttfe^bfc^y^tfAte^&Wftfc, ±|B©vy 
*^r>Afc£4&£te©&8i©8ifl;£&. £{fc&fcfc<5 
Wite©&JKfc-&<8» & ©JI-&&T & o T *> ,fc 
fc. J;£©fc£&£2««±»*^birofJ^Tt>.fc 

[0 0 6 1] Sfctt^>IBit&£# (a) ammzmto 

^<©v^'>^A<t^«j*wcif5^ immzn 

6 n*H<t^* (a) flc^ViT, Any 

>^T7 y * Aft:^»©^& £ 5 £ t #if * U < , 
«r> TA py >£^*fcV^*->5>Afl:£«>£flJ^5 



y*>S Affc^Wi. St#T<6oTfc«fc<. BfrftoT 47 

[0 0 5 8] gStt£WbftVsv^*£^A{fc;£fe0:R 

A. 3£flr?^*->r>A, 7?;fl:v^^A©J;^«: 
ADy>fbv^*^^A ; * h*v&{fcv^*S^A. 



[0 0 6 2] ±iEUfc-7y*->">Aft;&i»©«fTtt. JS 

7ctt€^ru&v»v^*'>'>Afl:^!»j!f^F*U<, Any 
[0 0 6 3] ^wcfflnenssft^^Xtttti^ 

(a) li. ±$&<D£5tr?>f*><Vl*{k&Q)£. Wi&V 
[0 0 6 4] H^^XtttSE^ (a) ©H«0«SIC 

fcfc^&awens. ^^rs>, x^;v7=>. J^J^^*^ 

i>^W5>. ylf*75>, X^V>$?75>, 
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23 'V 
|JW75>. MJ^XX>k75>&E©75>® ; 

d-*K ; £n y ^ : tro u V> : -f > ; try J> 
>, *^nfy$>x x^tfy^x ^atr/nfuj> 
x 5»t*;n*y3», x^/^bf'J^x MJ* 
^;nf 0 s>x 7 xx;nf y s>x A>svnry 5>x 
ffifl;lfys>X&:£©fc!y$»Si; KAy5»*. */U 
>£. y*/ U >Sfc£©^&*SH*<fc£«> : fh5 
kHo?7X i,4->^^--;k l,8->*^-JW, tv 

-Jk79X /f^75>. 5>*7*Jk75X JO 

fcFPfcf^X K7>. S?xFPt;5Xa:£©3Hfc£R 
: * * / - Jfc y -jk tp; v -;k ^ 
>*/-;k *\*t>v-;k 2-x?;^ 

1*5** /-/k ***5 i $';k7Jkti-;k 
•*V4)V7)te-)W ^>i>Jk7;kti-;k 7xruux 
^;k7;kti-jk *5jW77W3-;k <f yifnE/kTiP 
3-;k *y7P^k^>iW7;io-;k&£©&SS» 
1 - 1 8 <D7)l3 -)Vm ;7i/ * V s /— * 
->ky-;k IfJl'7s/-^ ^oK*7x;-A, 20 
y-;V7x/-JK i»3^7i/-^ ±7h-;kft£ 

/-;HB;7-fchX ;>WkX^;HrhX ^WV 
77\>V$-hX 7"feh7x/X ^>»/7x/>, 7"fe 
WthX ^Xy**/>fc£©#Sfil!fc3~l 5«D4r 
h>JK;7-feh7)l^kK •7uV*>7)V7 ! \i\ t , * 

h\ *7h7/l^fcKfc£©ft*R2~l 5©7;krfc 
HJS ; ¥R*9\>k fflfet9Vk ftRx^Jk Bt^tT- 
;k »K^atf;k RR#^;k ttit^jra^i/ «J 
Jk ^Pt^Rx^k BR/^JK WSRx^k 
^pjkfilflbWk 5^p;HfRx^;k ***yjWR 
*9Vk ^Dh>Sim -X^P'v+irx&Jktf^R 
X5Mk 5fc£SR*^)k *MftX?*, 5feJ&SR7* 
Pt?;k SfeMSRy^k fc&gR**? 1 *, £E#R 
«JRS»7x^;k £J&#R"<X5> 

;k hjK/t**?*. MMA-Rx^k ukjuk 
7s;k x^/i^&SRx^k 7-xr^^, 
f >Rn-7>;k ^AYnjt^y^*, -x*p 
^*-fcX*)ktf>RS>ii-'\*S'Jk T^y^R-Xxg 1 40 

/k T-h^tKa^^PRy-fv^atfJk 7*;!^ 

©i|3&»2/x3 0 ©ffftRxXT^ ; 7-fe^Jk^ P U 

;kx— x;k x^kx— xJk -f v^pH;kt— rJk 
7>/kr-5rJk 75;kx-x^k 7-V-Jk 5?7x 
- .! x-T-;kx^*->-p-^ >^ >fi £<Dl&m8. 2 ~ 2 50 



R*p'J Ffc£©&*8c2~*L 5©RA7'KHS; ; 



0 ©X-tMWS ; 2->f y*>^-2-f 
S>;* h*-X7P/XX 2.2-f 7 7tMI-1.3--;>* h*-> 
7"D^X 2.2--f y7*nt!^-1.8-S>^ h+^TP/^ 
X 2-X* pM^X**?*^-* y 7*P tf;wi. 3-i>* 
h*«X7P^x 2,2-4 V*>T-)V-\,Z- S J* h*5/y* 
p t\ >. 2--Y y y*^jp-2-^ y -fn&v-i, 3-^ 
yn/^X 2-^i;n^i/)V-2-^v-/n\i)V-\,^-i?^ 
h+^7*OAX 2-5/ P^>5=-;V-2--< y TP tTJl^l, 
3-i>^ h^">7*P^>, 2,2-i>->i'P^>5 1 ;V-l,3-^ 
/ h+->7PA>, 1,2-lfX-^ h^->^5 t ^H>'i'P 
-[2.2,l]-^y*^>. i?7aL-)l?*h*i'z'7>* 4 

yyptfjk-t-y^Jk^/h^^^x 2,2-^y7 

2-4 y7PK;l^l,3-$>^ h^5/>'^PA.^-9->i4^© 
yx— ?;i'Jg;KR75h\^ESR7$H, hJK/U 
R75 Htti!©R75 ; 7?TirbUJk ^>yx 

h u ;k h;px h u £©x h u : «*»R, «s 
*y^;wft, ^sSfmsR^foRMzictttt^ffl^e 

[0 0 6 5] *fc«^^#tbT, ^BTSJC^JS:- 
«5£ (iii) -e*$n-5^-f«ft;^«£«^SCt l t)T 

(a) SBBfifSCfbTfr*. 

[0 0 6 6] t©J:5«cfi#<b^«JtbTtt, A 1 
:Oi, SlOi, Bid, MgO. CaO. TIOi. Z 
nO, ZnOt, SnOi, BaO, ThO*Jc«X^k 
>-$?hfx)k^>^>*«^#)a:if©»l§AiIS^f* 

S id. Al»Oi, MgO. ZnO. ZnO«tt£*^ 

[0 0 6 7] ±E©J5lc»tt, >J 

X 7*5XpAfc£©fli©E*tt#J©#aTfc&tt3 
•a-Tt>±vCH#!R?^>(ll!fl«» (a) ©fiifiTJft 

[0 0 6 8] cn6H#«^>«J«fi^ (a) ©A«£ 

(i) v^^>>Afls«tt. «^ft##*$«tt;^**^ 

[0 0 6 9] (2) V^i^Afc^&fcSi^^tt^S 
(3) *Wi#t*«vy*S'CrA4t#«to«Bi»fc» 
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[oo7 0] (4) v^*->»>a^«j, m-m-fr. m 
*r«fitt:£©il£*W^, Yy*5">A<bS<»©ia8;* 

[0 0 7 1] (5) V^*->*Afc£4l5, **>4fc6*, 
A. ^^XOfi^f^nfcH^^XffiftJ^^S^ 

iifco 

[0072] (6) mm&mm'fz-i'VMtsm 

(7) «««ffi(0*«vy*->«>Afl2-&4!SjSAny>^^f 
[0 0 7 3] (8) 7;^*->*^^fVif*^«>A^<» 

&j\ay>&E?*>tetttot8mEtt?rzji&. r© 

(9) T)Vzi*ls&ttv9* s sZbfc&m*Mm?Qk 
[0 0 7 4] afly/W^Sa^^S^Afc** 

(ll)^*->*Afc£fcfc, 7*>K& 
«>t&ttS©II^Tm Ei&3-e**fe. H©E& 

*a □ y ^wdr-r Ev&fflsm-c^mm. 

[0 0 7 5] (12)^tB£*rLfclr>8itt©-7^*'>*A 
[0 0 7 6] a3)(12)T#5*lfcRlS£{£«rfc, ^> 

Assess &fcs&*it-sm 

(14) (ll)**V>mi2)T#&nsRfc£jfc4*fc. 
[0 0 7 7] (U)'?jf*§'9Afc6ttfcflF*L<tt«?' 

£, Aoy>, ADy>fc-&«j*«tr^si^fl:*^© 
^•rn^-riaa-r**}*. a*, r©*&tc*^Ttt. 
v^v^Afc^-ffc©*^. fcswiT^^Afc^ 
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[0 0 7 8] (16)-7^*->*A<b£«5£®ttU£^ 
*Mb&fetSStt 21©IS, ©SNSfc 

[0 0 7 9] (17)!:e(ll)~(16)Tf#&*X5ft;£&&A 

ny>*&»ADy>ft;^({ij*fctt^#«^ft**Tiffl 
JO (18)^JSSE{b«!I. w«Y^*->'i/Afc«ktfADy:^fr 
>4b£4&fc$tt$-&5#*fc, 

[0 0 8 0] (19)*r8S&©vif*->'}A& 7;U3*~> 
Y^*>"2A, 7U-D^->T^->r>A^^©V^ 

5">A{fc-&«&&» ^^>ib^«s**t;/*&tt/\ny> 

[0 0 8 1] (20)Vi/*5">A^b-&«t7^3+«>5 1 ^ 
20 <fc«/Sfctt«^ft*#tSS5»**S^j& £©IRA 

[0 0 8 2] (21)g^£#UfcV>8ctt4tti©vif*-> 
tfAfc&toiWtW^fc^fcfcS^&SltTEftttOV 
if*->«>A-&« (7;P5-t?A) 

«BHfc#fl*J:tf?*><b^£Kfca-B:$:# 

m. 

[0 0 8 3] ®#ft?t»imjm (a) fewsrsis 

Sttl^gB. f^HK^fcttO.O 1-10**, 

SKtto. i-5«;u©g-efflv»6*u ?*>fc-&4J> 

»0.0 1~10 0 0^K *f*U<tt0. 1~2 0 0* 

;p©fiTfflv>&n*. 

[0 0 8 4] ZL<D£v\ZLX®?>nZ®ftV&?>tm 
(a) tt, v^-^'JA, Aoy>*5j;tf 
©^«^#£#^£#tUT£<<rUTV>$. £©@&tt 
(a) C*V»T, f\uV>/^9> (® 
^Jt) ttlB2~2 0 0. »SKB»4-10 0©«| 

1~10 0, *f*Ktt*?J0. 0 2~1 0©t8Hfc& 
0. Vtf^i"} (K^tfc) fitt&l~10 0. 
$F£L-< fct*?J2 - 5 0 094BB8C»«C 
[0 0 8 5] C©«fc5fcB<*:tt3^>«fiEj*# (a) 
[la]) tt, 

(a) £TI3«8l&B««fi£# (b) i©#fcT. *V 
7^>©^ffifi^*ff5J:ilCj:0^6n<5 [I b] * 

[0086] [ib] ^ ffiffi^«a$^©^sicffl^ e> 

50 n**r«&Bttttft# (b) tLTtt, Msimssi^ 
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[0 0873 Cb-l) — «SC R'.Al (OR') .H.X, 

r 1 &&xfR* \m%m?zm% 1 ~ 1 5 e. & 

0<m^3> ntt0£n<3, pli0gp<3, qttO 
£q<3©»T*?K *om+n + p + q = 3-p* 

[0 0 8 8] (b-2) HKiS M'AIR'4 

(5fc+, M 1 BLi . Na . KTfS&O. R 1 tttatat^ 

[0 0 8 9] (b-3) — tB&Z R 1 R 1 M* 

(£«K R* *3«fctfR> tt±8Btra«T?*0^ M* ttM 

[0 0 9 01 tti3©(b-l) fc«**#«7;V3=#A<l; 
&«JiUTtt» &©±5&fc£tt£09jR-C£S. 
HBSC R^Al (OR 1 ) 1-. 

R l fc-ktfR 1 liit(l2tH«*C*0. mtt*f* 
U<ttl. 5£m£3©»Tr*$. ) 

HfoS R 1 .A1X.-. 

0, mtt#*lXtt0<m<3T&5. ) T^Stl-Bfc 

R 1 .A1H»-. 

(5£tf, R l BKHBtl^ttr»»}. mttff*KI42^ 

-«5£ R'.AI (OR*) .X, 
(SM». R l *3.fctfR* fcttifffiifiifiSTfcD, XttAD 
y>, 0<m£3, 0£n<3, 0£a<3T*D, * 

[0 0 9 1] (b-l) •CJ8TS7/VSX*Ail;-&<»£UT 

U -i V ^1/-;P7JP3 x# Afc if© h U TfUrzJVT JV 

7;VSx9A7h*S'K&.H©^7;i'*;i'7;i'SX'>A 
7»3*«>F ; X^Jl^l^X^A-feX+Xh^K. 
^JP7;P5X^ A-feX*^ h^S" VUZ<D7)V*r)V7 
*2Z')AtX4 : 7Jl'34 1 i'K ; R'i.eA I (OR 2 ) 

i'{CiSiMZ7)V*)V7)VS.~'ZJ± ; ^XfMl^l/S x# 
A?D«JH, $?^^7;W5x»>A^aU H» Vxp* 
7)VS.-VJ*fnS. Yl3.£<DV7)V*fr7frS.-Vk/\ 

CrAilX+^nU H» X^7;k5-CA-feX* 
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•/US. H*f©7JW i )l'7)l'5x^A'feX*A5'f H : 

x^7^3x«>A^nij H, 7 r Dt;;P7;l'5x'>A 

^D'JH, W^Sr'JA^D^ Ffc£©7^ 
*;W7^5x«>A>>A7-f B&£©ffi#WfcAny>fl; 
SnfcTJWF^r^Sr:*/* ; ^X^;U7JP3x»>At 
H U H. 5?^;W7;V5X«>At FU Ffc^OS^JW* 

;W7^5x«>At I s «J F ; x^;i/7;P3x«>Ai>t HU 
H. \Z)V7)V5.-VJ±i>\l F U Ffc£©7;l4 i ;l'7 
*3X*A5>tF<J Ffc£*©te©gHWK*$fc£n 
JO jfc^MM^JkSX^A ; X9 1 ;l'7;i'5X»>AX b*~> 
j/a'JK, ^/KTA'S^Ar/M^nUF, X^ 
JK/'Jl^xtfAXh+v'^n* Hft£©«S»Wfc7^P 
^->itfe«taf;\ay>fl:$nfc7;m i ;i'7;Psx'i;A* 

[oo9 2] sfc(b-D \zmm*K&mt.LT\*. m. 
xm^ztmrn? s^ur 2 et±©7^sx>>A*^ 

tfcW«7;WS=«>A<t^»^tf<&tt*tTS*. £ 
©±5fcfc-&*Jil,Ttt, &£&tt\ (C»H 5 ) tAI 
OA 1 (Ci He) 2 . (C4 H») 1 A I OA 1 (C 
2 4H1) 1 , (CiHi)iAIN (CiHO Al'(C 
■ H E ) i&£©«BJC. *<?)V7)VS.J-**V>13.Z<D7 

[0 0 9 3] «?re(b-2) fcR-fSft^tUTtt, Li 
Al (CfHs) « . LiAl (CtHt«) < 

[0 0 9 4] Jin6© t fCtt#«f7)l'5X^AiTS'&*^ 
$F*u<m»&ns. [I b] TOSt£ttl£j£#©nil 

fcfflVi&tl«^l'7^>ibTtt, (i) S&H 

do -c&snsfc^fcjWfrSi^jflViStu ft&wc 

-K>^X 4-^9 1 )l-l-^>5 i >, 4-/^Jl-l-A^ 
-fcX 4.4-5>^^l^l-^*-fe>, 4,4-^^^)k-l-^> 
T->, 4-xg=-;^-l-A+-fe>-, 3-X^;l>-l-A*'t>, 7 

m> 7 \£=jn&9a-*>&f->* m-)V^ 

40 H>fX 3-x?Jl-i-A^-t> < bfx;i/^^aA+ 

>, 7UJH- , J^5 1 ;P>'5>35«J;D»*K, 3-^?;p 
[0 0 9 5] m^ODffi, IfVX P'DlfUX 1-? 

©iS«tt©#w:7^>£#ffl?4;r 

^■•ctt, ^Dbrv>©*s^fc*»t*^rt©tt««ji4: 

[00 9 6] ^« t'&fcfeW-SHflctt^^ 
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(a) ©figtt, ^T*^«^fc**«#l'Jy- h 

^^>s^iftj?T?. ffit&iiao. o i~2o 0 3 

'J*Jk JfSKttt&O.OS-lOOSU^NDttH 

[0 0 9 7] W«&Bftfe#fifc# (b) ©gtt, ®Wi? 
9>tm&ft (a) lgSOO.l-lOOOg, ff* 
b<tt0.3~500g ©a£##£jfrf * «fc 5 fcST 
fcntf«k<, Btttt^^ftM&fca (a) 4>©^>M 
^ HEJUSO. SttttO. 1-1 0 05'JtJk ffSb 

<ii»o.5~5o*u woi&m tr * £ tarn*, v w 

[0 0 9 8) *fc^«a^ff5isfc«, mmn??> 
mmm (a) , *r»&js««u£# (b) ©tots?** 

(e) £J8Vvrt>,fcK Z.<Dtgm&t (e) tU 
T, Hftttlttt. MzU&V&9>tmm (a) £83 

«>Tr£5C (111) -e* 
Sns^M* jRft^-tt (c) fcicffSROBR^bT^ 
SET* 2 «m _h©X— rJWS££*rr (d) . 

aeicttTffiic (c-i) T^3n**r«^3?5fc£»£ 

[0 0 9 9] R.SKOR* ) <-» - (c-0 

(5t«K Rfc^tfR' t46ifl:**ST»D, 0<n<4 

-efc*) 

£©5fc (c-i) TS^nstiM^ft^tL 
Ttt, fti£-r«« (111) t!iSn5H*Uft 

(c) ii^*naK 

[0 10 0] £©J:3&-jK!5£ (c-l) T?^SIXS#IR 
hU/^xh^-XV^X 3>jWl^;*h 

xx^^l^h^xv^X 5?7xxjP$?xh^>- 

^F=fyy7>, H*p-hU,ll/-X*h*5'-X5X t 
Xp hU;^lH+yy7>. fc^X^Jl^xX^J?.* 
h+^-XvX IfJl'h'J^h+yy^X x^HJ 
Ih*yy7X £xjH-iJ;*h*-X>7X pWWH 
U^h*^^7>. iK7*oli.lV'HJxh*«XX7X 7 s 

x>v h u * h*xx? x MJ x h*xx?x 
7xxjVHJ;*h*x^5x r-i'a^DtDl'h'J 4? 

*h*X^5X *9\IVHJXb*XV5X X?)Vh 
iJlh+S/y5>. tf^MJXh^XX^X n-^? 
;w h u x h*x>? x 7xx;u h Ulh+yy7>. 
r-TS/T'aifjvh'jxh^Xv'^x *cuvh<jx 
h*xv?x X7^H.Ky:/n#*xv5x tfx 
^hur/h^x^x y-fex^v, y-fK^f 1 *. 

h U ;* x y *>~>5 X ;* ^ HJ 7 'J a+y(a 
llyl«y)^X tfx;l/hUX (jJ-^h^Xh+v- 
->7» . tf=;K<'J7thtyy5X i^fVi^h 
5xh^>i?->n*-*>ftt**W&n*. SO 
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JO 

[oioi] tn&©«m^ (e) «, jwrc&s 

Vitt2ffi«±5ffflUTfflViSilt*^€-6. -C0fB7-« 
^1* (e) tt, Btttt? 1 * (a) *©^*> 

M?1%/I'S0 0. 1-5 0*;k #£l,<«0. 5~3 

ot;k Sfck:flF*b<tti~i o^;i/©STfflVi&n 

■6. 

[0102] ^tt&fc*s8##ic±ga5S 
(i) do T^sn-s*P7^>*<j;r;±iaftt 

©BfflH5n«7F«tt^{b*iS«*tUTIi. Uttftfc 
tt. yo/tX 7**X ^>*x ^4-y-x 
X *99>. ^rAX K5rjfr>, fjmtZ Zvmitliim 
{cfcM: X*n^x*X s^p-M^x tn&ir 
n^>*x&£©«g&i£MHt** ; o-tfx h;i/x 
x ^v'Wx&afo^ffftpHfrfca? : if^fnu 

H. *DJl/^X«f>&£*©ADy>fl^fo!K9S§, 

tt£n6©ffi«#ifc££W5£fca<-e£5. tn^© 

[0 10 3] *«fi-&©IS©fi£iSgHu feJ^TS^ 

5&tasTfcn««k<, a«»-2o~+ioo , c, » 

*Ktt»-20~+80t, S6fcfl 1 SU<tt0~+ 
^ViTli, *$©±5fc$H^JfcM&ffllr>.5;i£fcT 

[0104] iEci^ftaft^? 1 ^^ 

(a) lgSD»0.1~1000g. ff*U< 
«fi 0 . 3 ~ 5 0 0 g©fi£#)3*£j£-r5 *5fcff 5 £ 

fcfetfS (#) tt^©^«S*^<5T-r-5Ctj&t* 

o, #6ns (*) a^3j^7^^A&£s^u& 
[0105] 2i©j;5a^ffla^ttiii»^^«fcarcfT 

fcffl^&nS:*U7^>ffi£««tt» ±E [I a] 

tt^* [I b] ^iia^tti^a-t, 

[II] *r«&Kttt!Ufc#i, till) T*%fc&*b 
(c) *&l41gft©II?*^UT#«pr4 2fi«±©X 

-x;w*§-&«*r-rsfc6-4& (d) t*6»*anTv> 

[0106] [in mm&mtmf&fttLTtt. mmv 
& [i b] ^fi^»«^^©w«Kffl^fc (b) w« 

[in] fjmit&to (c) «. T82* (in) t?^sn 

[0 10 7] 

R'.-S I - (OR 1 ) <-. - (ill) 

(5£«f. nttl, 2*&tt3T»D, n*U©t€T. R 
' tt2ft£fctt3»©EHblC3{§&-Cfc0, n*»2*fcB 
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3©fc3, R* ©4>tt<i*>lt3tt2ftS;fctt3R©& 
R' ttffi-T?&oT'bJSfcoTV>Tfc 
.fc<. R» »^^*l~4©^*3gS-r»oT, 4- 
n#2 8;£tt3Ti6.5iS, R' ttK-TfcoTfcSfc 
oTV>T"b«fcV>. ) 

£©j$ (iii) TSR^nidr'T^ftj^tt (c) £:feV> 

2 3 »T*s^{t*stis*^»f sns. 
«toA#wt, e&^p^^i^ti/ctt, 2-*^ 

j\,*s9Xil>?-M& 3-*?)l>i'{ruO?)l>& 2-x 
fWS'* D*>2 l JWS. 2-n-^;P->ir p^>^;Ug, 

2. 3- i?*?)lzst> a-*>?)l>&, 2,4-i?*^)Hsf 
>^/Wk 2.6-&*7-]H&9al>7M&. 2,3-^X? 1 
;U->^ D^^A^S. 2, 3.4- h U 

£, 2.8.5- hU 2.3.4-MJx 

[0 10 8] B&->*P"<>xX;U£il,Ttt, 2->? 

2-x9 i ^>'^ n^>^-;vs. 2-n-^?;k^^a^>5r 
x;i/g. 2,*V**Jl&ira<y^-zj\>m> 2,4-V>*<? 

£, 2.3.4-hUy^;U^D^>xX;i/S, 2,3,5-HJ 
/Wi'D^>f^a, 2, 3, 4-MJX?\Ho'^P^ 

[0 1 0 93 Blft^D^>^S?XX;i«i:L.TW:v 2- 
* 7)V 9 s>? a 5?xx;W«, 3-j* ^s^^ a^>^ 

7 t ;H'irp'<>xx;v<«, ^-^^B^d^^ 
xx;kS, 2.4 -*s*¥>A&9v*>9VttM&, 2,5- 
5>^^;V^^p^>^^xx;ps. 2.3-^x^^^d 

*>*5>XX.>1^ 2, 3.4- hU D'C^S'X 

x;k£, 2,3.5-hU^^->^n^>^^xx^ 2. 

3. 4- h U X^JUS/* 2. 3. 4. 5-y h 
7 /?;k->^ Dt> jr^XXAS. 2, 3.4. 5-x h 9X5P 

U^>? >>XXJl/S, 1, 2, 3, 4, 5-^>^/ ^Jkv' 
? d 5?xx;ps, 1. 2. 3, 4, 5-^>*X?;i">£ D 
^>*$?XXA£fc£©7JV*Jl'2£:rf'5>'*P^> 

[0 110] *&S 1 CRS5-r*M**t28^?!|-C*5 

t. s i \zmmtt>fc%&3mt%$r$>z&it*%&t 

l/Ttt, t-7*JWS. t-73*S. a. a'-SW** 
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[0 111] ^©.fcSfca; Oil) TSSnSH^ 
£«f (c) li. nrtti-c*-5«£fc:Wu ^P^>? 

h *i/ s s? X 2. Xi^>^)V h 'J * 

^ h'JX h*->->5 X t-^ MJX h*->*>7 

JO 7>. 2-7JMU^>hUXh*^7>&£©HJ7 

[0 1 1 2] n*J2T?ft*«^Kti» VMUOf-fr 

t-^iMfJl'i ? Xh4 : 5'>'5>, t-75;M^Ji/yx 
h^'>5>. ^^P'S^Jl'^h^^^X 

*^5>fcE©s>7;i'n*^?>£iW!ijRan*. 

[0 113] n#2-Cfc*«£fcBu 5t Oil) Tf^S 
20 n-S^-fStifc'&ft (c) tt, TS5t (iv) t?jRsns-:> 

[0 114] 
Hfc7] 

R • OCH, 

\ / 
S i 

R« OCHi - <iv) 

[0115] ic«t», r * 43«fctfR« e, -tn-enaic 
5?xx;us, eft^^P^>^5?xx;i.s, ftsma, 

[0 116] £©«fcpft5£ (iv) -C^Sn^^r-f *fl2^ 

>, i? (2-x?;W'>^p^>?jw s>^h*^?>, 

y as-^^^^p^^^w y^h*j->7>, 

^ (2,3,4-MJ^A'S'f D^>^iP) y/h+>'>'7 
>. (2. 3. 5- h U ^ ^Vi^tf UOf-M V* 
•>7X V (2,3,4-hUX3 1 ;W/?P'S>? i ;W 
*5">5X 5^ <frY i m-A>%'!;uO?-M i?*b 
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-x>5X (3-j*^$/i>P'<>rx;w s^h*^ 

->7X 3> (2-X9Ml^>?P"?X^-;W -X*h*'X^ 
7X i> C2-o-^;^>^P^>rr;W -X*h*-XV 
5X a3-^j*^;V->*P*>xXJ|/) i>*h**s 
>^X V s (2, 4 -^^^^^ D^>^-;W -Xrth* 
->->7>, (2, 5-v?;*? 1 ;l':>£ D'Ot-JW 
+~>->7>. i> (2,3.4-h»J/9 L ;w^n^>5 i -;W 
v^h+Xv-^X S> (2, 3. 5- h U t^Jli/ir P^Xr 
-JW S^h+Xv^X (2,8,4- bOX^/PS^n 
^>?-;W S?*b*-X>5X 5? (^h^T^X? 

9o«.>9i?x^M ^h^^5X 5? (2-x^ 
X#P^X*vXr:j» ^h+^>5X (2-n-:/ 
^K-^D'SXrXJW ^h*^7>. P (2.3-? 
^^;P^n^>^5>xr:;W s^h^-x^X 5> 
Q.4-9* l f-fr%'9u*>9*?xzM 5?/ h*-X>7 
X -? C,B-?>if^n^^5;jr*) -X*h* 
J'J'yX 5? (2,3-^xg 1 ;WX*P'SX*5>xx;W 5? 

i> (2.3,4-hU^5 1 ;V^nt>^5? 
X~;W y (2,3,5-hU^^W^ 

D ^ >9 VXXM i?* b *XV5 X 5? (2. 3, 4- h U 

+X>^X v (2,3,4, 5 ^h^X^JVX^n^^v 

x-;0 t-+y->7X (1,2, 3,4,5-^>^/g 1 
;i/->^aA>^^xr:jW s^h^xx^X i> (1,2. 

S'vX i't-7SJWh4 : v'>'5X S> (0, a'-i? 

;*^;i^xx>W h^s^x (7 F^x^ 

X y^V:/Pfc!*-X*h*S'X7X Stor??-*?* 
h*-»5X $>s-7S;W;*h*XX5X •fVT'P* 

I I 
R a '-C-0-C- • • 

I I 

R M R ' - • 

[0 12 2] jS*, n«2=£n^l 0C&&T&D. R 

UX *T>S8£<fctf^$rt>&Sfl3n5^fc<<i:fel 
*L<ttR> ~R^i#EUT^Xtf>££tf1.©S3£J& 
v>xt>,fcv>. 

[0 12 3] ±!3©«k5a^iiX=LxJWt;6!»tUT, 
IMfcttlcfct. 2- (2-x^;W\*x>» -1. 3-s>;* ~> 50 
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[0 117] nrt* 3 MJXtfP'O'? 1 
h+XS^X h'JXi'P^X^MkXh^Xi'? 
X J>->iTD'<>fWWh^7X $>X*P 

ly&ArX&JU* ht-»7>, 5>X* D^yf^? 1 
;wx x^n^x^;!-?*?;!^ h+xv 

5X i'i'D'Of^Xf M h*^->7>, X?n 

^>^;i/> J ^^x h+v'X^x&i!©^/ 7;pn^v- 
10 [011 8] tns©^, v^r~y^yym^\z% 

(lv) T*Sn*5?;<h*X>5>S##3;L<. It# 
*h*5^X?X 5> G-^l'X^P'SX^JW V*Y 

[oii9] ^ne^'f^ft^ft (o t*. 2««±#f 

s?*7>ur#«fr« 2 ®R±©x-^jMg^*^rrs 
a? flse-w (d) («T^Jx-5 i M:£-»iv>'5££*>a& 
*> t», cn$x-Tmm\ziffrr$®?\& m 

-t-'T*. BIJ&. ttft. UX *S3S&frSfcS8!&>6 
S*?Stl4iam±"C»D» ®^»tt2£LhT*S. ZL 

n&©5 %x-T;Me^w©s^fcifce«}Siei^Bft 

ViSfe©3&tg*L^. *fc2«^±©x-?;HS^Wfr 
#*-r4K^C, US:©, ff*l/<B3~2 0. i0» 
*b<tt3~10, «ffc»*U<tt3~7©^*Ig^ 

[0 12 0] Jl©J;5a3pyx-x;Wt;-&«tUTtt, 

[0 12 1] 
[fl28] 
. R«» R 2 * 

I I 

•-C-0-C-R" 

I I 
• R' R 2t 

^D/\X 2-f vyPbTJl-l.S-y^ h+->yD/t>. 2 
-^;V-1,3-S?^ h4r">yP/5X 2s-Zf^)\r-l,S-y 
^ h^i/^DAX 2-Xf PA*->;i-l,3-^^ h+-> 
^DAX 2-7xX;W-l,3-^^h^>'7 r PAX 2-? 
SJP-l.S-y* h*->^P^X 2- (2-7i^Hf 
M -1.3-^^h*->^P/^X 2- C-^P^*^ 
x^;W 2- (p-^PP7x 

-i,8-5>^h**'^nyt>. 2- (i>7i=JWf 
J» -1.8-^ h+^D/XX 2- (l-^^W -1.3- 
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3>.* h*3/7*n;tx 2- (2-7)V*uyx.-)V) -1,3- 
'J*Y*~/7uj\>> 2- (l-5 i AtHn^-7^W -1.3 
-^h+^nrtx 2- x.~M -1.3- 

3>* h*3-7*nMX 2.2-5?^^da+>>;i-i,3-^^ 
h^X/DAX 2.2-3>X*OA>3Vl'-1.3-3>;* 

xt*d/xx 2.2-^x9=-;u-i.3-5>^ h+XT'D/tx 

2.2- 3>7*ntr;p-i.3-3>;< h*->^n;\>, 2,2-iMy 

7*Ot:/l^-1.3-3>;* h*3"7*nAtX 2.2-3>7>;i/-l,3- 
h+^n/^x 2-^^jp-2-ynt?;p-i,3-j?^h 

^r^O^X 2-^^P-2-^>J?JP-l,3-i?/ h^T" 10 

anx ^^i^-x^jwi.s-^;* h^x/tmx 

2- ^iV-2-^VfX\M)V-\,%- t ?^ h*3"7a^X 2- 
*^;l^2-7xX;V-l,3-3?* b^S^D^X 2-*<?)l 
-1-i/9W\*is)\r-\, h+->^DA>, 2,2-bfX 

(p-^an7i-*) -1.3-3?;* h^X/n^x 2.2- 
tfX G-X^OA+'XHo^JW -1.3-i?^h^^^D 

/tx 2-^9=-;w-2->f y^;w-i,3->>^ h*x7*dm 

X 2-*?)V-2- te-X^l^VfrS^W -l,*-?*)^ 
7"a/tX 2,2-$>-YV^;P-1.3-^^ h*3/7*0/X 
X 2.2-5?7xx;p-1.3-5>^ h*->^DA>, 2.2-3? 20 
A>3>/l'-1.3-3>*mr5'7*BAX 2.2-t^ (X#n 
A+sa^ig 1 *) -l,3-?*h* s s-7n/\> % 2.2-3M 
V ^Ar-l. 3-3>X h^'yfun X 2, 2-iM V 7<?Ar- 

1.3- 5>7>*X7*0/XX 2H" V^;P-2--f V7*Dtr 

^l.s-s^l^x/ortx 2- a-xwt^/M -2- 

-fV7*Obf;V-1.3-^^h+^^O^X 2- a-^^JV 
-2-s-7*3VIHU3-3?.*h*3'7*D/tX 2.2-3? 
-s- ^JV-1.3-3?^ h3^>7*n/\X 2.2-3M- 7*? 1 
;i-l,3->?/h^^^D^X 2,2-^*^X^^-1.3- 

s>* h ^x^n/tx 2H y t* a e/Ht-'f y a? 

1.3-5?.* h+S'T'o/tX 2-7x-;i-2-f V^DtTA- 
1,3-3?* mrS'T'n/tX 2-7xx;i-2-8-7*^;p-1.3- 

3?* h+x^n/xx 2 ^ >3?;i^2—f yyn tr;i^i. 3- 
3?* h+^n/tx 2-a>3?;p-2-s-7>a-i.3-5?.* 
h+v-7*n/ix 2-7i-;H ^>^W1,3 f-* 
X^O^X 2-X* DAX^l^-f V?U\Z)V-1, 3-3? 
* h^X/O/XX 2-3/* DAX*;l/-2-s-7>A'-1.3- 
3? J* b* s s7u/\>, 2-*s9U^*r s s)V-2-'(V7u\Z 

3 1 ;i'-i,3-3?*h*3'7"aAX 2-fyy*Dbr;i^-2-s-y « 

^JV-l,3-y^h^r^7*n^X 2-X*nA*3';P-2-3' 
^OA+S'JloWl'-l.S-S?.* h*X7*D/XX 2.3-3? 
7 iZW, 4-3?X h*^?* X 2, 3-3?X* DA*-> 
;lr-l,4-5?Xh^5/^X 2,2-^>i?M,4-yih 
S^T^X 2. 3-^^* D A^XJl-M-XX h*-X7* 

*x 2,3-3?^y7*aif;k-i,4-3?xi^x/:J'X 2.2 

-tr* (p-*?MV7xX;W -1.4-3?* h+'X/^X 2. 

3- fcTT. <p-;?nn7xx;w -1,4-3?;* t^S^X 
2.3-tfX (p-7W0 7i=W -1,4-3?.* h^S"?* 

X 2.4-3>7xr:;l-l,5-3?;* h*3"<X*X 2.5-3? SO 
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7 x=M, 5-3?* h^A+tf X 2. 4-5?-f y 7*n t 
JW-1.5-3?.* h*^>*X 2. 4-iMy 7*^1^1. 5-$> 
* h+J'A^X 2,4-3?^ y73;V1.5-3?* 

ax*X s-pth^X^l^h^fcKay^x 3-/ 
h+X^l^tf+^X 1.3-3My7>*3'7'n/< 
X l,2-^V7'h*'>7'n^X 1.2-iM y7*h*-> 
X*X 1.3-S>-Yy75D*^7"aAX i,3-5?-ry* 
tf^X^a+xx^x 1, 3->>*;t^>? 1 D+->7 , aA 
X 2^rh7^f 1^>-1,3-^^ t-+->7'n/0 > 2,2 
I'W.S-^ h*i'7'P^>. 2,2-^+IJ- 
*^>-1.3-5?* h^i'T'D/tX 1.2-tX <*h* 

x*^;w ->*da+^x 2.8-3?**-y-^ea [5. 

5] 9>r*>, 3,7-3>**lMf'>*D [3.3.1] /7" 
X 3.7-i>^-9-tf->*a [3.3.0] :***X 3.3-3? 
* V^fM, 5-:fr*y /7-X 6, 6-3M y^f*J»* 
*>"\7*^X 1,1-3?* h+X^JI^tiAX^X 

1.1- trx (3?*h*x*?vw x*oa*u-x 1.1-tr 

X (^h+XJl^W M'ytfU [2.2.1] A^X l.! 
-^^h+^^^^n^x^x 2-^^;i-2-^ 
X*^;P-l,3-3>.* h*->7*n/'«X 2->*D^3>';l^ 
2-X h*x^^;P-i.3-3?x v**/?xm>. 2-*s9 u 
A*-X>l-2-^ h*-X^^;W-1.3-3^^ h+S^n/^X 

2. 2- ^>f y 7*5=-;l^l, 3-5>* h^S/J'* DA^>, 2- 

-f y 7*n tr;p-2--f y 7 s 3-y ^ h *->3'* da* 

•tf-X 2--X*DA*->;p-2-^ h*^5F;P-l,3-3?^ h 

^s/s/* da+d-x 2-r y 7*d t?;v-2-/ v**/*? 

)V-l. 3-3?^ h+i-v'i'DAWX 2-< Wf-}V-2-* 
+1J-X 2-3^* DA^M h^v'^^W. 3-3>^ 

h^^^^aA^u-x 2--f y7*Dtf;i^2-xh*x^ 
^;W-l,3-3?X>*3'3'irDA*U-X 2H , y^DbT;lr- 
2-X h^^^^WLS-^^ h+^S'* DA^X 2- 

•f y ^;i-2-x h+^^^k-i.s-s'x h+^v'* da 

+-9-X 2-^f V7"f;k2-I h*X3l^;l-l, 3-3?J^ 
-xv^pa^ij-x h'JX (p-^h*X7xX;W ^ 
7-fX /9 1 ;i/7xX;HfX Wh+5//?W 

x 3>7xx;n;x (^h^^^^w -X7X 

X* DA+^Hf X <J*mrX*^JW >7X >>-t- 

(^h+s^^^w 3/^x i'i'DA*^ 

[0 12 4] cnS©5fc. 1.3-3>X-x>lHS^ff*U 
<ffl^Sn, 2.2-3M y^Jl-l.S-^h*^ 

t*p/^x 2-< y 7*0 hf ;w2--f y a>^;i-i, 3-3^^ h 

+->7"aMX 2.2-3?X*nA4 i 3/;l-1.3-3?^ h+~> 
7*OAX 2,2-HX (i'J'DA+i'JMf^) -1.3-3? 

[0 12 5] 2inS#UX-5S>Wb£4& (d) tt, 2fi 
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VkzfuMvyn&mt. we ti a] ®##r*>f& 
m&frt* cm nm&mtemtf&t. tun -Lea 

(iii) tfki<tlZ>>r'i*K&® (c) £fctt#'JX- 

y/Htfc* (d) tfrt>mi$.t<tiz*U7<(>m&tm 

©#fcT, *N;U<li. WE [I b] ^HSaSttl&fc# 
[II] [Ill] ±S5fc (Hi) 

•c*sn«4r'f*fcfc* (O *fctt#ux--rJWfr& 
& (d) t&m&.iznz*\/74>&G!m<D&&7 

[0 12 6] fc*. ^nKU>©fi^Sff'5ISt, 7*n 

[0127] z\<r>& 3 !>lz?u\L\/>V&<D&<i>*V-74 
>i:UTtt» IfV>, l-7». K>fX 1-^* 
-fe>. 4-j*5 i ;ir-l-^>7 i X 3-^5 L ;Wl-'<>5r>. 1- 
tffX 3-;*?;l^l-7x>fc£©KJ{i§fc3~8©:i- 

[0 12 8] >>X tLTlJ, U-^?IX 

1,4-A>*5?X>. 1,3 ^v^tt^X 
X 1,4 / \^*^X>. 1, 5A+t-^IX 4-^ ?Jl/ 
1,4-^-tJ-^XX 5-.*3\IV-l,4-'V*f-9-S>X>, 6-/ 
3^1.6-*? *S>XX 7-^^A-1.6-*^^^X>. 
6-X^JW-l, 6-*^ 9 ^X>. 6-7*D KJIr-l, 6-^"^ 9 V> 
X>. 6-7>;ir-l,6-:fr?$'5?X>. 6-*3Ml^l,6-/ ± 
>?X>, 7-/fH.6-/t?IX 6-x^;w,6-/^- 
j?X>. 7-X^JV-l,6-/^->?XX MfM,6-f* 
T-^fH^J'IX 6-.**flr-1.6-*> 
5**$?XX 1,7-*^^$?X>. 1.9-t*^X>, -f y 

7», 7*5>xx ifjf>yMMx tr=yp 
/ JUtf-iv* >*5<fc 5?x >fc £©&$» 

4~2 0©i?X>ft^»*^f5J:t*tT?**. 

[0129] ^otrw>©a^», s#, sMsfcsw* 
iKffiTfT*>n%. a£*U7»j-a£*fc»ig#as© 

R£»!I«:SS«S. K£i8tRit,T. ±S&© [lb] 

*«a&ttt&<fc#©iis?fcfflv> &n*^tt^ft*«t 

[0 13 0] a£»fcK43V>TH:. WS [I a] 
??>flUKjft#*fctt [I b] ^m&£tm&&\t* £ 
£igtfft 1 "J v 0 [ I a] H#tt:f * 
©^^SH^fctt [lb] ^<ia£«fiEjsS#*©5^ 

irifeiLbT. mmm o. 0001-505 

)l. ff*b<B*50. 0 0 1~1 05Ut*OfiT?«V> 

sn*. [in ««^RttKfi!s»tt, a^**© 
^^xc^itjuoru [11] #ttf&JStt*&£#fc^ 

tt£>2~5 0 O^tfcSiSfcft-efflV^ftS. se. 
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\Z [III] fr-f (c) *ttt#'Jl-fM6 

«& (d) », [in G&&mw&fi&*<D®mT- u 

fifciftO. 0 0 1~5 O^&Jk $F*Ktt»0. 

[0 13 1] a£B3Mc*3{§fcfflv>5£. *;l<h7n-v 
■i h©*£^7*nfcru>ae-#jw§s*u ***ftisc 
.t ^ r# & n* 7*0 £ w >a£#©#*ft«B!B5-rs z 

s ns trw >a^#©«e®fl;a j ?»4«:«S!jtt«»*t 

[0 13 2] sfc&IJUfcfcHT. 7*Dei'>©fi-&i&fl! 
«, «-5 0~2 0 0'C. ff£K»Jfc2 0~l 

0 OtJTJB 0. SiJ\i. SfiT. #BE~ 1 0 0 k g/cm 
#$l/<tt*52~5 0 kg/cm* KSfcSnS. fi 

a«5^©<srn©^fcfev>Tt> 

to 1 3 3] z\o)&5\zvx-7nvu>mG&&mm- 
st. Hfr»«^#&aaD©, 7*nbri^>a^© 

[0 13 4] *fc. ^©i^a^DbfV^a^B. 7 
Sf*»*«^ft:<. J:©7*nifk>a^{t*6^Lfc7 

30 [0135] *^wfc«*7*D t u>ae#©fijgtt. 

d©«^tt, 2~1 0g©a^886fflViT, a«*s^ 

[0136] a-&*»X7U-a^*fcttJ8*a^©s* 

»ffi*»S««-. E*SIS*KtUT, -hM© [I b] 

m&mmmommzm»e>nz*is&fc<b*m£.mm 

[0 13 7] Jl©«fc5»a^&K*V»Ttt, MIB2S8 

K±©a^«©rt. < 1 1> 1 %&±.<Dmiimzto^ 

40 T, ?U\iV>*&Gh (Ka^t^ViT, kt tab 
^•j £V>5 ££*<»*) , ffilStefi [r?] *t, 3~4 0 
dl/gv ffS^ttS-SOdl/g, 4#IC»*L-<tt7 
~2 5dl/g©a£#£«i§-rS. 

[0138] ^©Aa^-c#snsa^-#©*B'\7*^ 

^^^©NMRfflfeTft^SnST-f t> 
^yHil ( [Mb] ) »» 0. 9 6 0~0. 9 9 5. 
$f*U<B0. 9 7 0-0. 995. «}; »3fi : *b< ttO. 
9 8 0~0. 9 9 5. SeCifSKBO. 9 8 2~ 
0. 9 9 5-efc*£t**&3;lA>. 
50 [0 13 9] SfciJffia'&«i:©»BlA7*^>^ia»fi 
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& 8 0X«±, #3:b<tt9 0XSt±, «tD»*K 

U < tt 9 6 JiTfcS Z. timS. 
[0 14 0] ZL<D&51t&A&&?%$n&&Gm*. 

SKWfc#&n*^nt:w>fi^«fTo. i~5 5 

%s *?3;l/<tt2~3 5X. ftlCff*Ktt5~3 OX 

(Dormer z <t sieges n-s c lk 
[014D ^atr i^>a^s2S£t±©a^g*« 

0©S^gT?t>^Ptk>©a^SffV» («T TBS i0 

-k-htfO. l~5 0 0g/l 0W7xi\L\'>n£; 

[0 14 2] &Afi£;fc,J:tfBfi£©£-&*rtfc:tStr>T 
B» t5E [I a] B{W^>tttfliUfc#3;&« [lb] 

"Mim^mm.^ &&&m ivybMSo 1 1 a] 

H#^^>«tS^*©^ : J'>IS?*fctt [lb]f 
tfa^i&fcfc*©? 1 * l-T, Kfttttt 

0.0 00 1-5 0 ^'J^k H^KttiKlO.OO 1~ 

i 0 5U*;p©*7?fflV46n*. tin # 
i] #«teB«*ijfc*Hc^a;ns&Ksew. »»*u 

-2 0 0 0^. »JKtt»2~5 0 0t;l'tft««t 
iftltfflnens. 3 61: [III] tr-iHiQctem 
(c) Stli^Ul-rJUt^ (d) tt. [II] #81 
&M«!«&#*©&M@?1 MftO.OO 
l~6 0%Jk fip*L<tt*!j0. 0 1~2 O^fc&a 

[0 14 3] Sfc. &RfcJ&i;T. Virn©fi^SK* 

^Tt> [i a] m^^yimmi^A u b] ^ ^ 
mm^mm&tt, [in *r*&Rtt«a£#. tun y 

-f *<fc£«J (c) $)fctt#UX-5\>Wt;£<» (d) s« 
«^^>»«Kfifc«- (a) SHU-rsiBCffi^fc*?** 

[0 14 4] eEAfi^«fctfBa^Tnfc*Vi 

fi£#©#? 1 g£&afc«ffiT'&diat-egs. c©« 
^t, *«wic*v»Ttt. #&ns^Dtrw>fi^#© 40 

-©^h^n-W-htfO. 1-50 0 g/10»© 

[0 14 5] £fc. M^?? [Ms] © 

fSB, 0.9 7 5~0. 9 9 5, tfilXttO. 9 8 0~ 
0. 9 9 5, J;0»*l/<tt0. 9 8 2~0. 99 5© 
ttfflfci&tK [Ms] omt, 0.0 0 20-0. 00 5 
0, ffSlXttO. 00 2 3~0. 0045. «tD»S 50 



Ktt0.0 0 2 5~0. 0 0 4 0©f8Hfcfc<&«k'5fc 
[0 14 6] KAfi^.ttfBa^-fc^tfS^atrW^ 

©a^sffitt. i^rnfcfifcift- 5 o~2 0 ot. 
u<ii2o~i oo , c-ca&o, a«m~io 

Okg/cm 1 , ff* Ktt2~ 5,0 kg/cm* IC«J£ 

an*. a£tt[§i#5£, ^ittt^ ji85t©v>rn©# 
[0147] *^c^*^ , Dbri'>a^mi, &rr 

fcfc*. 

[0 14 8] gtfUtUTtt, fc**l&ftTV>*«*©# 

[01491 
Mb9] 



R ' I 



p - o- 



M 



R* 

— ' n 

[0 15 0] (£4. R l »ttl5& iKJt t>L<tt#St§ 
ftl~lO©#fc**£-Ci60, R«. RMi**t>U< 

tt^*»i~io©^fli*?fiSTf<fet). r», R*imm 

BR«tR , *%^UTSi«tft:-3T^T"bJ:<. Mtt, 
l-StfO&KEtTTfctK nttl~3©S»Tf* 
) 

ftfrWfctt. •yY*)VJ*-2,V-*?'V>-\iX (4.6-$?- 

t-^;P7x-;w 7*X7i-K ±bWJ*-2,2'- 

x-h. U5 1 «7A-2,2*-^^V'>-ex- (4,6-i>-t-^ 
5 1 il'7i-;W7iX7x-h > U A-2, 2* -X? U 
X>"^X (4,6->>-t-^JI'7xr:^)7*X7x- 
h, ^HJ^A-^'-X^Ux^-trX (4-1-^0^1- 
6-t-WP7xXJW 7tX7i-K U^^A-^^- 
trWs-MX (4-^9 1 ;l^6-t-^9 1 JV7xXJW 7*^ 
7i-K 'J^^A-^^-^^ki'-tfX (4-X2\>U-6- 
t-^^7x-JW 7*X7i-K *;i^v"7A-VfX 
[2,2*-^5MfX (4-^^;i^-6-t-^;i/7xr:;W 7* 
X7i — h] . *^>^A-lfX a?-f*HX (4-X 
fJH-t-7"fil'7i-;l') 7*X7i-M > l3)V'y 
fyk-MTs [2.2' -ttKK- <A.6-?-t-79-)l>7x~ 
M 7*X7i-H > V^*»>?A-trX [2,2'-^ 
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bTX (4,6-5M-7*?\>k7xx;W 7*77i-H . 
•7^*->tfA-fcrx [2,2'-^tX- (4-t-*^;k7 

>-fcTX (4.6-S?-^^7xn;W 7*^7i-K ^* 
h U 9 A-2. 2' -^^ U =ry- fcfX (4, 6-S>- t-7*?;k7 x 
—M 7«7i-K ^MJ^A-^-t-^^Mk* 
^l/>-HX (4,6-5>-;*^;k7xx;W 7*X7i- 
K ^MJ^A^'-t-^^k^UiV'-liX (4,6- 
JM- ^;P7x-;W 7*X7x-h. #Jk>£A- 
fcfX- (2,2 , -^9 1 W>-ex (4,6-i>-t-7*9Mk7xX 
JW7*X7x-H . V^v^A-fcTX [2,2*-;*^ 
k>-fcTX (4 1 6-j?-t-7'fJl'7i=W 7*X7i- 
h] . ytUtfA-fcTX ^'-^k^-HX (4,6-SM- 

7<?ji,7xzM 7*X7i-h] , ^-hu^A-a.a'- 
*^k>-i;x (4-^^;v-6-t-^;v7x-JW 7*x 
7i-K ^•hu«>A-2.2 , -^^>-i;x (4-x^;p- 

6-t-^;V7xn;W 7*X7i-K ^h'J^A (4. 
4' -J?^?;l-5, 6' -SM-T^l^, ? -hT7x-;W 7* 
X7I-K *;k5"7A-trX [ (4,4 , -S>^9 l JIHJ.er- 
5>-t-ry*-2,2 , -K7x=M 7*X7x~K) , *• 

h y •> a-2, 2* -x? y x>-trx (A-vrnv-e-t--??- 

;V7x-;W 7*X7x-K ^hySA-^'-^k 
^-fcfX (4,6-J?-^^7i^W 7*77i-K 
h »J <7A-2. 2" -^k^-tfX (4,6-5>-X^;k7xX 

(4,6-y-t-^;U7xxjw 7*X7i-k #;k> 

^A-fcTX K.y-X^Ux^-HX (4,6-S?-t-^5 i ;i'7 
xXJW 7*X7x-M , ^i^S^A-tfX C2.2'- 
IfUr>W ftG-JM-^Jl^xryW 7*X7 
x-h] , nU-7A-tX [2,2 , -X9 1 U5*^KX (4,6 
-$M-7^;k7xx;i>) 7*X7x-M , TJkSX* 
A-MJX [^'-^k^-fcTX (4.6-i?-t-^I/7x 
;W 7*X7x-H #,ktf7JkSr:«7A-hyx [2, 
^-X^'JxV-tX (4.6-J?-t-^;P7xx;W 7* 

ftfc^hy^A-^'-^k^-kfX 
(4,6-JH-^f*7i=*) 7*X7x-h#fiF3;U 
W 

[0 15 1] 

Hfcio3 
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[0152] (5£<K R 4 B*^"bL.<tt^?H»l~l 
0©Kfl:*SIST?*O. MB, 1~3«5©^J1K^-P* 
0. nttl~3CQfi«CTft<E>. ) 

7*X7x-K ^-h'J!7A-tfX (4-^W7x;: 



;W 7*X7x-K :M*y£A-k?X (4-I^7x 
-)V) 7*X7x-K ±h'J»7A-trx (4-i-7"nt! 
Jk7xXJW 7*X7x-K ^-HU^A-HX (4-t- 
Wf*7i=*) 7*X7x-K *'J"7A-HX (4 
-1-7*^7 xXJW 7*X7x-K AA^A-fcfX 
(4-t-7^Jk7xXJW 7*X7x-K -r^^7A 
-tfX (4-t-7"f^7xZ;W 7*X7x-K 
A-t?X (4-t-7*9 1 ;P7x=;W 7*X7x-K 
SXCA-fcfX (4-t-7>Jk7xXJ0 7*X7x-h 

5. ^iC^-hU^A-tfX (4-t-7*^JU7xC:;W 7* 
X7x-H6t$F£Ul*> 
[0 15 3] 



[fcl 13 
R 



OH 



[0 1 5 43 (5£*. R« tt**t> L < tt#*» 1 ~ 1 

IWfcWfctt. l,3.2,4-y^>>?Ux>VJHih-;k 1, 

Jk 1. 3-"*>S> U x>-2. 4rp-X9\JK>3> U x> 
If h-Jk 1, 3-p-^5 1 ;^>^Ux>-2,4-^>^'J7 i 

>y;nf h-;k i,3-p-x5 1 ;p' , ?>^ij7*>-2,4-^> 

S> 'J x> V JHf h— Jk 1. Hr-tf-JKyp 0 x>-2, 4 
-p-x^;^>$>y jnf h-;k i, 8n-x9W< 
30 >i»J x>-2, 4-p-* 7A*>9 y 5»> V JHf k-;k 
1,3.2,4-5? <p-*^JK>5>«J5*» VJUfh-Jk 1, 
3,2,4-y (p-I?M>5»Jt» V;Hf 1,3. 
2.4-J> fthn-7'Dt:M>>>'Jr» VJHf h-*, 1. 

3,2.4-y (p-[-7'ntf;p^>yyx» v;nfh-;k 

1.3,2.4-5? ft»-n-7*?;l^<>'^'Jx» VJVtfh-.lK 
1.3,2.4-v (p-s-7*^Jl^>^U5r» VJUlf 1 — -IK 
1.3,2.4-v (p-t-7"^J^>^'JT ; » V;Hfl — 
1.3.2,4-5? G'^'-iJ^fM^^'Jf^) V;Hfh- 
)V> 1.3.2.4-5> Mh*i"?>i"JT» V;Hfh~ 
40 ;k 1,3,2.4-i? (p-XH^>>"Jt» VJHf h— 

jv, l, 3-^>>>y x>-2-4-p-^ a;i/^>y y "fyvfr 
tf h -jk l, d;v^ y 5r>-2, 4-^ >i> y ^ 
>v;utf l — Jk l, n;i^>v U x>-2, 4-p-^ 
5 1 ;i-'<>^y x>VAf l — ;k l. 3-p-? n;u^>>"j 
5 J >-2.4-p-x?;K>5?y5 t >y;nf l>-;k i.3-p- 
^ ^;p^>v Ur>-2, 4-p-^ d;k>>? y =f > v;nf 
h-;k l. 3-p-x?ji^>>> y x>-2. 4-p-i? d;^> 
>?y x>v;nf h-;i'*«fcm.3.2.4-y (p-^ a;v^> 
>>y x» v ;vt: h-;k*<t^ne© 2 ffl£t±©Ji-& 
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(23) 

43 

;k 1.3.2.4-s? (p-^^;^>^U7*»v;nfh- 

l,3.2,4-5> <p-X*A*<>J>D5"» 
;K i. n;i^>$> y x>-2, 4-p-/^;i/^>^'J 
5*>y/Hfl — 1.3,2.4-7 (p-* n*^>?ijT 
» y iHf h -jpfc .fctre-n & © 2 «£t±©s^*w 

[0 15 5] "€-©«©»JWtLTtt. ##fc*;HK>R 

ens. 

[0 15 6] £&, &j£T£^Jl^©i5fcM«{fc<&« 

*5Ewt«4^afcfw>a^ 

#fc*iV»"C ±IBSMtt6(lia^Dt;^>S^«:l0 0fi 
ft«IC»UT. 0.001~10fifi«5, »SKBO. 
0 l~5Sfi«. ftfcffSiKttO. l~3fia«©« 

[0157] &M*±&o&x-7azu>m&mzm& 
-rscticfco, 7*nei^>s£###jfsrrsgnfc # 

[0 15 8] *BBfc«S7'otf «r$3l 
«SflJ:;£1irSfc»©:lA&#£e£UfcO» 
», X'J?m 7>?^ci 

Ksa. mm. mm* sa, 3<a8«u 

[0 15 9] £fc#5&W©BW£»&*>fcV»«6fflT, 7* 

fc7*S^7A, *ttfcVif*->7A, SSgiSSfcVi' 
*$"7A> Hn^K fit»*^5">A, ?4r~>K#U 
?A» Hflt/tU9A. A, 

- T-Y*, 7X^XK ff^XSHk >!f7X7V- 

ftty^rX #n>tR*l, ISHtfr-f JS§88k *'Jif 

#u^ntru>««i, tfyxx^muk # 
[0 16 0] z.<D£5iz*&m<ofa\i\s>&&m& 

#7>fJPA, jgfl^-f^A. 7^5>;*>K StfflJSJB 

[0 16 1] #8W©7Wl^ e&SfffflJ* 

tttttctt, S'-K 7^A (*3£ft>7^^A) , /U 
7. S£ttB, 7^5*>hfc£#liStf5fU 

S'-K 7-f^A (*®#7^;PA) , 7-<5;*>hfc SO 



♦ 

#K'F7-2 5 94 6 
[0 16 2] #8W©7nfc!W>S£(ta&vfc->-K 7 

wa-a (*«#7>f;kA) fc£©#aijdy&-rsiKfcBu 

[0 16 3] £©«fc-5fcmti->-K 7WJVA (*&# 

7^;ua) hu wtt*<tr«t«i4K«Enst*t. K?s 
ttc«ntns. 5i#7>f;pAtt, ±e©«k 5347*0 if 

^»©-*#§£Bfc£D§^T£££*re€rs. 

tf. x>*-f* CftttEft ««8g#) , 

t£. -«i5i#aft£^jfen4. 3bi«i7^;i/acdii«i 

^«lS#7^;i'A©«^fctt, «#20~70 

S#tt2~i o<ST?**c:t3trfil*i/Vi. *fcs«#7^ 

^ACDffStt, S«5'-2 0 0umTJ&"5C:t*^*l/ 
[0 16 4] C©J;5&3g#7^;l'Att, KH&fe.l;tf» 

A, S«fi-r*21t>6>T#*. 
[0 1 6 5] #3g9J©7'nfc!V>fi£#*>&fc£S'- 
h, *S#7w;i'A, J£#7>f JWAtt, WIMfc 

ignTViSfcfc, •&8ffl7^Afc£fc(g/£</fl^S£ 

7'-t;i'ft^©^fi"'ffl^en*7*i'Xx;i— yxy^ (pt 

ess through pack) ffl^lT&arcjb*. 
[0 16 6] *»M©7*Pt-W>'a#(W>&&-S7^ 5 
*>M4, fct^t«x »MUfc7*ak-W>fi^#&, ft 

Jl©<};5tLT#&nfc7^7^>htt, 

<t:fc^ja:< tt>-«i*ifi]©iH«ini*^ic#^an« 

@«JCff>ltf«k<. ®#fg$tt, a^5~10f&Ti&S 

[0167] z<D^5tny^^^>m. m&z&xm 

s»tt. w»fPtt, mmytiR, m&8,&. mmtmtn&z 
fiinr*5D. eso*f*3gfflhyA«, m#mn-mt. 

[0 16 8] *«t«©7 , nt;p>fi^#*^ft"67*D- 
«»#tt. fl£*^»I©7*a-i«^KIlfcJ:DfiitrSil 
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45 

mmueti o o < c~3ootrw<k»5±82:/ot!i^ 

at^E^SHBiaSl 3 0t>-3 0 0 tre&Slfcifg 

[0 16 9] |tW^D-^©«^{Ctt, gfflgi&flEl 0 

ot:~3 o o , ct?±e^ , ohfV'>a^^^t»ffiL 
/^u v>£««fbfc«^£?>:^2 : *, «fflgfi& i 2 o 

< C~3 0 0'CTjfeSfc^gU *2j£j§M&£#S. 
fflr^tts Mf#flK 1 . 1 ~ 1 . 8 ffiTi&S £ 1/ 

<» «#fafci.3~2.5(rc**T**;i£*«S£i/ 
to 1 7 0] £©«fc5fe:/ci-fcJ8Km, Wtt43«ktf» 

TfflVi«Jlt*t"lf^-6. £©l£}g#ifcfc«k»?#5*lfc^ 

> h/X^fc£©att*J8rtl£#fcLT^fcJB^ 
5tl3. 

[0 1 7 11 Jl©<t3ft ; t-;PHX^>K>^}gft: 
[0 17 2] 

s*ru L*fcfiv^va«s^ruTv>*oT?, ire* 

[0 17 3] 

©TtJfcV*. 
[0 17 4] 
BdSffll] 

m#&?9>mmm (a) ©sisj] «s*«eftT^* 

^A95.2g, f*>44 2ml fcJ^-X^A. 
*^7JVa-jV3 9 0. 6 gS 1 3 0 < CT2«f|«ftllB! 

u J$-8}«fcbfc«. d©gjac«f»r«s*7^;kK2 
6nfc^-^isssjaic^«iLfc«> £©$-&«£© 7 

5ml «-2 0'CC«^l,&ia«ft;^>2 0 0ml «f 
tl«fWtfcfc-3T«TgAUfc. £©ii 
£8t©fi«£4RSfS*»ttTl 1 OTSfcJMU 1 1 0*C 
fc»bfctJ15T?7^^B6^-f (D I BP) 



(24) 4#H¥7-25 94 6 

45 

5 . 2 2 g &$2ni U Ctl «t 0 2 ISraESgfcTffitfffi 
2ll$|l9©K&iK7& J»«»fcT0#«£tRlS 
U C©HfcSBfc2 7 5ml ©Ba^b^^^CBSSS 
■&fc&. Stfl 1 0"C-e2l^ia, DnS?tE££li-fc. Rfc 
&7&, BtfJBttififcT@ft:S&£8JaU 1 1 CCWx 

oTiS$^fcBfMK^^t&feJ> (A) tt, 5r*>X 
7U-tbT#^Fb&^. d©t*i©-65S«|fliEa^&S3 

(A) ©&&», 3^>; 2.4£fi%. 
&3i ; 6 0Sfi%. ; 2 OfiM*, D I B 

P ; 1 3. OSftfcT&ofc. 

[0 17 5] (A) ©^HSfi 

THa^*-9->5 0 Oral. 3-*?)1-1-7t->5 7. 5 
g, hUx?Jl'7Jl'3=9A5 05>J^;k MM^fr 

(a) s^* ^m?**-? 5 . o s u wmmi, 

20 2l$ISE££fTofc. fi£fifiH*2 0tfc«o 

[0 17 6] £&Jfc7&, fOfcgrtfcgifiTfflfcU ± 

&®mvT?m&&fm (b) Hft^^xs 

Ifefctf (A) lgS&D. 5. 7g©#U3-^?JV-l-^ 

[0 17 7] [£ •&] rt$«2 0 y h;P©^"- 
-^fcSSn-A.^i}->7 5 0ml SgAU 6 0t:, ? 
30 aKU>3S6B^fcThUX^;i/7;^X«>A0. 7 5S 
U^k y->^D^>^$?^h^>->5> (DCPM 
S) 0. 7 55U*;^«fc^«IS^«tSt (B) 
>fi : F«y?T0. 0 15 3 "I^A-T-I KAUfc. 
[0 1 7 8] **1 2 0 0ml 7 0"Cfc#j& 

jm*2Kfra««rLTyalfW>S&?£ff-3 
fc. l&f©E*tt7kg/cm'-GI:fcft. 

fflfi5C»BIUfc. KJftft©ee©*«fi^fr©»KSH3 
03.2g. MFRI11 2. 5 g/1 0#, S»»JSItfi 
43 H0.45g/ml *t?»ofc. *&. #5tlitefi©* 

A^>JPS^*tt9 6. 9 5«. 
»©Hgja<bKtt7 1 . 0 X7?»o&. 

[0 17 9] -#fKffig5©jR*gC«J:oT, SttW^ttfi 
^2.0gSS£. flteT. flltttt2 0, 3 0 0g- 
P P/mM-T 1 ^#IC«(t«tMI^^>? 
«J«^*tt9 6 . 3 ftST&ofc. 1 fcjjVT. 

[0 180] 

[*ffi«2] tt-&J&S*8 01Ctbfc^», HifiWl 

so tmmzvTM&*:ffifz. mm%i\z7K?. 
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(25) 

[0 18 1] 

tmmzLT&G&tf -oft. i \ztk?. 

[0 182] 

m 2 u v hjuo*- b * v-7\z?v tr 

l/>500g, *^6Uyh;WSSXU 6 0"CIC#iB 
U&ft, hUX^mi/SXtfAO. 6 3'J*;k 
?P^>f;Wh*->->7> (DCPMS) 0.65 

■j (B) z?fi>m?&&-e 10 

0. 0 0 6SU^UTlgAL/t. 
[0 18 3] 7 0*Cfc#fflbita, £n£4 0#fi8$L. 

i i^-r . 

[0184] 

mttw 5 1 8 ok:\z bftm-\t, m&a 4 

[0185] 20 
[tfct^l] DCPMSOftbDC, ^D'O'^M 
b*fi'9>0. 0 7 5 3U%^«fflVV #Si 

s 5 o omi mivit&j>m> mm i ti^sst: vxm 

[0 186] 

[Jt«!«2] DCPMS ©ffcbDfc, ^7i^^h 
3^->^>0. 0 7 5 SU^Jl/S-ffiK *$£7 0 0ml 

.tHnu&Kfttt. hjbwi tmmzhrmtt&nv 

[0 18 7] 30 
[ttROTS] 

[HfrK? 1 * (C) ©US] *-A*-tf->5 0 

0ml , ^x?;V7;U5-f A^nU HO. StJHr^ 
-/ V 7 5 ^X-rJl' 1 . 2 2 5*0*1? 2 ftmfrVX 
iSTFU 10#ISIEfc;£li:fc. 

[0 18 8] g*g«snfc2 u 5; h;Kz>S««lctaS 
ft^^>4. o^/kein*.. sscicji&it. ::ne± 

gfcfiiofc. 7 5 , Cfc#H&U SfclClftlBE 



4$R¥7-2 5946 

&«E#U&. £©ifei§W£;S&fc:3|B»fDjgUfc. 
[0 18 9] #SnfcH#:©l 0 0 g£» 0-^*^2 

y y 2 oic^-f v73^x-x;W8 o 

gfc. raaflj^^^i 8 0gSSStTi»ra-e*in 

U 6 5*CTl«flUIKl&$«fc. ££878, Sfifcfc 

£©»;#»#£ 3 @»D>gU HWK?*>tt*A& 
(C) £#fc. 

[0 19 0] [B(W9-jr>ttK&# (C) ©^filM 

£-] 2 g y b)K»&tmu*- b? u-~?\z3mgnfi. 

T*IRA*i>-> 1 U V hJk ^X^UT^SX^Ai-Ci 
y F 3 0 s V*)l&£Zf 

(C) S3 g#»ll/&», 2 ij y hJP©#5{S£l&ftlU 

ft. E^1«©)Ee*«5kg/cm J -Gfc«ofc. 
[0 19 1] E&*S7fc, *Efc©7atri'>> 

*ffHA^>©8in>&>&fc*ifc*N*fP£ 3 Elff V^fi 

&m (d) m-m^mm (d) a. us? 
[0192] m £j rt$«2 u v YMtotomm 

-bVV-ltZ&ltoar^ttyi 5 0ml ftKXU 6 
Ot:, ^£l'>#nftlCT3?X9-;L'7A'3=9&?Q 

u h o . 7 5 5 u */k i>- h;w;i^^^o . 7 5 * »J 

^fcfe^ZfrMta&ftttK (D) fcl. lgSAbfc. 
[0 19 3] *5jl8 U 9 hJMfegAL 7 OCKIKL 

cn«4ir#iai^bTr/ofc;w>©ft^sffo 

ft. S^-+©ffi*tt7kg/cm--ClC«^ft. 
7«» **/-JH62 0 0ml mmU 8 0"Cfc#SL 
ft. 3 2 Ofc^Rfc^HJOMcfiSfSSclml £ 

ill*., KEEUfc. 
[0 19 4] *>**3 0 0m 

*D->x9U-*»a, «5^*«kr«SjSUT, #y^n 

[0 195] 

«1] 
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[Figure 1] 
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[Figure 2] 
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